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Abstract 
Rapid Manufacturing (RM), the direct production of a finished product, is a newly emerging 
manufacturing technology projected to provide supply chain benefits. However, there is a 
lack of information detailing its expected benefits in the supply chain. Robust, generic 
guidelines are needed in order to help practitioners cope with this emerging manufiacturing 
technology. Ile aim of this research is to establish the benefits and difficulties of RM in 
supply chain along with an indication of the possible changes required to sustain RM as a 
future potential manufacturing machinc. 
There is a common consensus that an information system is required for the effective 
functioning of the supply chain. This study concerns the integration of RM within the supply 
chain information system. As the parameters of the supply chain and information system 
applications are many, the research is focused on a specific set of parameters. Critically, the 
focus of the study is on identifying how RM would improve customisation and reduce lead- 
time and inventory on products. The application of the information system is also examined. 
With the research focused towards the future, technological forecasting of RM's impact on 
the supply chain and information system is considered. Adopting scenarios, the application of 
RM is explored in various supply chain structures, A performance analysis of RM is 
undertaken by means of a questionnaire involving people with relevant experience. From the 
results, decision analysis on supply chain structures adopting RM is undertaken to select a 
suitable structure for the manufacture of a product through RM. A decision-analysis tool kit is 
developed and products are grouped according to the criteria suitable for the application of 
RM. Validation of the decision-analysis tool kit and the suitability of RM in the supply chain 
is carried out via a case study of the production of a prosthetic product. 
The results show that the developed decision-analysis system works simply and effectively. 
RM is suitable for application in various supply chain structures; it provides a new dimension 
("in-depth') in customising products as well as reducing inventory and lead-time. However, 
the full effectiveness of RM is entirely dependent on the supply chain structure adopted. 
Hence, some changes required to sustain RM as a future potential manufacturing system are 
suggested. Finally, the case study is used to illustrate the possible application of RM in 
improving selected parameters of supply chain performance for the manufacture of 
customised products. 
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Chapter I 
Chapter 1. Introduction 
Change is an inevitable and continuous process. Manufacturing industry has undergone significant 
changes in a short time span. Many new technologies have appeared since the 1980s and have 
often provided the opportunity to enable entirely new methods or approaches to product 
manufacture). This change in manufacturing industry is taking place mainly for two reasons; one 
to maintain manufacturers' competitiveness and the other to respond to growing customer 
demands. Manufacturers face increasingly severe competition in both domestic and international 
markets and, as a result, they continuously strive to make improvements in their manufacturing 
systems (GuIcs and Burgess, 1996). Amongst consumer demands, a critical demand is for product 
customisation, i. e. the production of a unique product. Customisation demands continuous 
improvement in variety and thus increased design variation and process changeovers within the 
manufacturing system (Pine, 1993). This situation contradicts the traditional manufacturing 
method of low-cost mass production, where flexibility is limited and poor product set-up times arc 
involved. This customer requirement for customisation presents product development with a 
special challenge; namely, enabling manufacturers to meet the unique customer demands whilst 
remaining competitive. 
This drive to satisfy customer needs and improve manufacturing technologies has emphasised one 
new manufacturing technology - Rapid Manufacturing (RM). It is the direct manufacture of an 
cnd-use product rapidly (Dekker et al., 2003). RM is an emerging manufacturing system, 
visualised to meet the demanding market needs for custom products. RM is expected to affect all 
aspects of product development and manufacture and will change the business structure (Halliday 
and Hague, 2002). There seems little doubt that the RM approach will change the potential for 
servicing the customers' needs. Realising the possibilities of RM, this thesis concentrates on 
identifying its potential benefits, its suitability for application in the supply chain and the 
difficulties and problems that will need to be solved. The focus of this research is on identifying 
the benefits and difficulties of RM in supply chains. 
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1.1. Research background 
RM is a manufacturing technology emerging from the early Rapid Prototyping (RP) technology 
(Halliday and Hague, 2002). Following the rise in human needs and technological developments, 
there has been a simultaneous increase in manufacturing technologies involved in product 
manufacture (Lutz et al., 2003). Traditional manufacturing involves machining products with 
tools; this is either by material removal or deforming the profile of the raw material. In this 
context, the emerging RM approach can potentially reduce the number of processing stages in 
conventional manufacturing methods and deliver the product more rapidly. This is particularly true 
with regard to its ability to allow toollcss manufacture of products in layers or for its layer 
manufacturing technology. (Wohlers, 1994, Hopkinson and Dickens, 2001, Hopkinson, 2006). 
This toolless manufacturing functionality, together with the rapid delivery of products, is widely 
discussed as a means of making an impact on the supply chain (Dickens, 2004). In this thesis the 
application of RM to increase the performance of the supply chain is discussed theoretically 
(Halliday and Hague, 2002, Dekker et al., 2003). 
1.2. Aims and objectives of the research 
This research attempts to investigate the benefits and difficulties of RM application in the supply 
chain from both theoretical and empirical perspectives. Knowledge from a wide amount of 
literature is available about the benefits of RM for the supply chain (Aston, 2005, Dekker et al., 
2003, Halliday and Hague, 2002, Wohlers, 1995), but, they lack a specific study / method for 
explaining the benefits of the projected applications of RM. In this context, this research is focused 
on identifying how the application of RM enhances the functioning of the supply chain or, 
alternatively, with identifying the necessary requirements if RM, as a future potential 
manufacturing machine, is to enhance supply chain performance. With the research involving the 
exploration of a new domain, a wide spectrum of investigations was carried out (refer chapter 2). 
The theoretical investigation is focused on a hypothetical development of RM in the supply chain 
(refer Chapter 3). it has to be hypothetical because the emergence of practical RM machinery still 
lies in the future (Dekker et al., 2003). The aim of this research is to increase the understanding of 
the likely impact of RM and explore the areas of the supply chain to which it could be applied. 
Undoubtedly, this focus of the research will also generate new ideas and create further research 
opportunities for academia. In context, the focused research aim can be defined as: "To explore the 
featured changes in supply chain with the application of Rapid Manufacturing (RM) and e- 
commerce technologies. " 
2 
Chapter I 
For achieving the aforementioned research aim, the objectives of the research are: 
1. To review the associated literature on identifying the benefits and difficulties of RM 
in the supply chain from both theoretical and empirical perspectives. 
2. The identification of potential areas in the supply chain that could possibly benefit 
from the application of RM. 
3. To describe the possible bcncfits provided by RM and specify the necessary changes 
needed in RM to sustain and achieve benefits in the supply chain. 
1.3. Main areas of research 
This research covers three broad areas, namely, RM as a manufacturing technology, the supply 
chains for identifying the potential of RM during application and finally the role of information 
systems as an integral part of the supply chain. 
Manufacturing industry has experienced the development and diffusion of new manufacturing 
technologies over recent decades. Current research concentrates on one of the improvements in 
manufacturing technology; RM, which is emerging as a complete manufacturing tool to maintain a 
balance between customer requirements and flexibility in product manufacture. It is capable of 
delivering cnd-usc products and so revolutionising the product order to delivery cycle (Dekker et 
al., 2003). Concentrating on the above context, the primary research focus is the application of 
RM in delivering the customers" requirements for custom products. Following the emphasis on the 
product order to delivery cycle, current research is concerned with exploring the potential of this 
new process and is not concerned with the technical design issues related to RM. 
As stated above, RM is focused on the product order to delivery cycle, together with the 
implications for the supply chain. Ibis is because the supply chain includes the processes from 
initial raw material to the ultimate consumption of the finished product, linking both supplier and 
user companies. It functions both within and outside the company enabling the value chain to 
make products and services for the customer (Lummus and Vokurka, 1999). 
Since the application of RM is likely to occur only in the future, it has necessitated a concentration 
on technologies that are essential for the future supply chain, especially information technology. 
Concentrating on information technology in conjunction with research has identified the major 
growth of information systems from manufacturing to supply operations, as an essential emerging 
factor for the effective ffinctioning of the supply chain (Chopra and Meindl, 2004). This is 
because, in recent years, the business information system has become the centre of interest because 
3 
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of its growing importance in the market (Lee and VVhang, 2001). Thus the supply chain and 
information systems have become inseparable. 
1.4. Overview of thesis 
As shown in figure 1.1, this study is presented in eight chapters including this introductory 
chapter. Following the above mentioned aim, objectives, scope and identification of the 
importance of this study; this chapter begins with an overview of RM and discusses the 
implications for its application in the supply chain. As RM in the supply chain must provide 
benefits to ensure implementation, current research is involved in identifying the areas likely to 
benefit. Chapter 2, the literature review, concentrates on the theory that underpins the research. 
The critical focus is on the following areas in the supply chain where the use of RM is projected, 
namely, customisation, lead time and inventory reduction. The objective of the literature review is 
not to provide an all-inclusive review of the fields explored; rather its aim is to provide a 
foundation for the thesis. Particular attention is paid to research focused on the parameters of the 
supply chain and its information system. Current and future projected difficulties in the supply 
chain are identified within the focused research. 'Mis leads to a clearer dcfinition of the research 
questions that are to be addressed. Finally, chapter 2 concludes with a discussion to justify the 
requirements for future detailed study. 
Chapter 3 of the thesis is pivotal in that it defines the structure used to analyse the research 
problem. Initially, technological forecasting techniques are explicitly defined and this is followed 
by the identification of suitable scenario planning techniques which form the basic structure of the 
study. A detailed study of the scenarios, their method of generation, boundaries and number is 
included. This is followed by a detailed description on the grouping of the scenarios and the 
requirements for their testing in accordance with the research aim. 
In chapter 4, the research methodology utilised in this research is detailed. Here the various 
procedures employed are described, including the formulation of the research design, alternative 
methods, research inst: rumcntation, the design of the questionnaire, the research sample, 
procedures to test reliability and validity and the data collection procedure. Further discussion is 
concerned with the method of improving the precision of the data obtained and the scenario 
selection methods through the use of decision analysis systems. 
Chapter 5 describes the functionality and characteristics of the more focused scenarios. This is 
followed by the development of scenarios. As it is difficult to analyse research requirements 
4 
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through all the developed scenarios, a decision analysis to identify a suitable scenario is required. 
Primarily, in order to analyse each scenario and identify its functionality, external views are 
obtained through the use of a questionnaire. Section 5.9 is concerned with the description of the 
sample of respondents involved in this study. Before analysing the data, Section 5.11 focuses on 
preliminary analysis by primarily assessing data reliability, content, construct and predictive 
validity. The analysis of the survey data is performed using the Statistical Package for Social 
Scientists (SPSS Version 14 for Windows). Current findings indicate that there is statistical 
support for the five scenarios proposed. This is fiwther amplified with a secondary refinement of 
the data using fuzzy set applications as detailed in Section 5.12. With the finally obtained 
respondent data, decision analysis is carried out on scenarios using two methods, namely, System 
Selection Cube (SSQ and Analytical Hierarchical Process (AHP) as described in Sections 5.13 
and 5.14. As scenarios are to involve different supply chain structures along with RM as a 
manufacturing technology, the products that are capable of being manufactured through these 
scenarios are discussed in this chapter, as well as the factors involved in scenario-based decision 
analysis. 
Ile main focus of chapter 6 is the study of RM application through scenarios along with testing 
the validity of the decision systems, namely, AHP and SSC. A suitable product that can be 
manufactured within these scenarios as stated in chapter 5 is identified and a case study analysis is 
conducted. Within this case study, the focus is on identifying the potential of RM within the 
rescarch-focused parameters of customisation, lead time, and inventory reductions. This chapter 
concludes with the discussion of the suitability of RM in the identified industry sector and on the 
differences involved in the decision analysis methods. The carlier analysis of chapter 6 is extended 
to chapter 7, in which the need for scenarios in this research is presented. The objective of this 
chapter is to illustrate how the scenarios technique provided the meaning for this research into the 
role of RM in the supply chain. This is along with detailing the nature of the contributions derived 
from the results of the study in chapters 5 and 6. Specific recommendations for the changes 
required if RM is to function as a viable manufacturing machine in the supply chain are discussed. 
In addition, this chapter concludes with a briefing of the potential benefits / difficulties of RM 
within the research focus. 
I 
Chapter 8 concludes the research by providing a discussion of the research strengths and 
weaknesses is undertaken. Finally, further areas of research are identified highlighting the areas of 
potential benefit that can build on and validate the research of this dissertation. The appendices 
present the questionnaires (including the cover letter) that were used in the survey. 
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Chapter 2. Literature Survey 
2.0. Introduction 
The purpose of this chapter is to provide a foundation for the thesis based on the currently 
available literature. As seen in Section 1.2, this research is aimed at identifying the potential 
bentficial impact of RM on the supply chain. Thus, the necessary requirements for RM to be an 
effective manufacturing system need to be studied and identified. With the supply chain and 
information technology becoming highly integrated (Lee and Wbang, 2001), the application of the 
integrated systems is also considered in this chapter. All the research analysis parameters in this 
thesis are raised first in this chapter along with a review of the literature relating to the testing and 
validation of the impact of RM in the supply chain. Once the literature survey was completed, gaps 
in the knowledge base were identified and these formed the basis of further research. 
The primary concentration is on the capability of RM within the supply chain. The areas where the 
potential influence of RM on the supply chain is most significant are identified and explicitly 
stated. Upon identifying the areas where RM is applicable, they will form the basis for a detailed 
study from the supply chain perspective. Literature is concentrated within the major interrelated 
supply chain factors. Following the major aim that the supply chain should be capable of satisfying 
customer requirements (White and Pearson, 2001, Bcamon, 1998, Beamon, 1999, Chan, 2003) and 
RM's focus on providing products that satisfy customer needs, the main thrust of the literature 
review concerns itself with the customer requirements. 
Focusing fiirther, it concentrates on the problems in supply chains associated with satisfying 
customer requirements. These are presented in Sections 2.2 to 2.4, all of which contain a 
comprehensive review of the literature covering supply chain operation and design. In conteA the 
literature review was conducted to identify the important process and supply chain variables that 
would be affected by the effective operation of RM. Finally, this chapter concludes with the 
findings of the literature review, research questions and a brief Section detailing an approach to 
answering the research questions. 
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Rapid Manufacturing 
RM is defincd by Dckkcr et al., (2003) as "The direct production offinished goodý from an RP 
device. The technology uses an additive process to deliverfinished goods directlyfrom digital data, 
which eliminates all tooling". RM is an emerging, next generation, manufacturing technique for 
the manufacture of direct end-use products. Being an emerging technology there is as yet relatively 
little research about it. However, practitioners expect that, upon emergence, it will be widely 
discussed (Halliday and Hague, 2002) since it is considered likely to have various manufacturing 
and supply chain benefits. Further, it is also predicted to change product manufacturing abilities by 
making low volume production as feasible as medium and high volumes are currently (Dekker et 
al., 2003). 
From the manu&cturing perspective, RM involves the tool less additive manufacture of products 
and is capable of manufacturing complex geometries. This tool less product manufacturing 
technique is aimed at offsetting the need for manufacturing high volumes to meet the cost of the 
tooling involved (Furrens, 1999, Dekker et al., 2003, Hague et al., 2003, Hongjun et al., 2003 and 
Griffiths, 2002). Theoretically, RM is widely discussed for low volume product individualisation. 
Further, for its design freedom in product manufacture, it is applicable to the manufacture of 
products with multiple materials. This is detailed by Hague et al (2003), who claim that the 
growth progress of RM is directly proportional to the material application in product manufacture. 
However, in general, RM's manufacturing abilities are seen as a viable, just-in-time, production 
system impacting on the supply chain and achieving various benefits (Dekker et al., 2003). 
From the supply chain perspective, RM is theoretically discussed for various applications. Firstly, 
for its tool less manufacturing ability, it is described as a suitable flexible manufacturing system 
(Hopkinson and Dickens, 2001, Grimm and Wohlcrs, 2003) that can provide flexibility in product 
manufacture. Secondly, as described by Halliday and Hague (2002), RM will change the paradigm 
of supply chain operations, allowing manufacturing to be carried out at dcccntralised locations. 
Finally, RM should bring about changes in the customcr-manufacturcr rclationship because of its 
product individualisation capability. RM is seen as a capable customer-rcsponsivc manufacturing 
machine, providing custom products. It is expected to change customers' buying habits as low-cost, 
mass-produced products change to become low-cost, mass-customised products (Dekker et al., 
2003, Furrcns, 1999). 
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2.1.1. Evolution of RM 
For the future, RM has been identified as having various theoretical benefits for the supply chain 
and product manufacturing (Hopkinson and Dickens, 2001, Onuh, 2001). This emergence is 
predicted to be within a time span of 5 to 10 years (Halliday and Hague, 2002). Nevertheless, from 
the direct, cnd-use, product manufacturing perspective, the present day RP (early RM) system's 
manufacturing products involve some complexity (Jacobs, 2001). However, the widespread 
adoption of RP systems by manufacturers in their mainstream production activity, along with 
various other developments, is finding ways to eradicate the present-day manufacturing problems 
involved in the use of multiple materials (Wholers, 1995). Thus, it is expected that RM systems 
will emerge from viable RP machines (Hopkinson and Dickens, 2001, Dekker et al., 2003, Hague 
et al., 2003). 
2.1.2. Rapid Prototyping 
From the above, RP can be seen as 'the mother of RM'. This Section discusses bricfly the 
identified RP process. Over 5,500 years ago, early traccs of RP were found as a wax process 
(Jacobs, 2001), while the oldest roots of RP appeared in 1890 when Blanther proposed an 
application for making topographical maps from moulds (Cranford, 2002). The emergence of RP 
concerns two factors, namely, the market and technology. Major technological advancement in RP 
took place with the evolution of Computer Aided Design (CAD) and Computer Numerical Control 
(CNQ machine systems, which lead to the evolution of CAD-bascd RP systems (Cranford, 2002). 
Along with the technological growth, focusing from the market perspective, detailed by Huang et 
al. 2002, obtaining products at shorter periods of time (lead time) during 1980s was the market 
qualifier. Tbus, the prevailing competitive pressure for industry was to decrease time to market 
(Nielsen and Holmstrom, 1995, Al-Mudimigh et al., 2004), which made many manufacturing 
industries adopt timc-reduction techniques in the area of production and operation. 
In order to supply products at lower lead-times, manufhcturers adopted various strategies and 
techniques (Jones and Towill, 1998). Among the time-rcduction strategies, manufacturing the 
product by reducing the set-up time found a prominent role. This is because it concentrated on 
reducing the time and cost involved in changing the tooling requirements to produce a particular 
product. Manufacturers identified set-up time reduction to be more economical since it resulted in 
reducing the time requirement for set-up and made more time available for production (White and 
Pearson, 2001). In this context, manufacturing focus during 1980's was on reducing the set-up 
time in manufacturing. Tool less manufacturing RP was identified as one such production 
technology that was working towards time reduction. During the early stages of development, RP 
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systems were found to be ten times faster than the conventional manufacturing machines (Jacobs, 
2001). 
Technological development of CAD/CAM during the early 1980s led to further developments in 
RP. 3D Systems produced the first stercolithography systems (SLA) in 1987. Following SLA was 
Selective Lascr Sintering in 1991, while the period between 1991 and 1996 saw the emergence of 
Fused Deposition Modelling (FDM) (Jacobs, 2001), Laminated Object Modelling (LOM) and 3D 
printing machines. With the rapid growth of RP, different RP-bascd product manufacturing 
systems adopting various techniques for manufacture were available. Following this availability of 
different mature RP machines, Nyalukc et al. (1995) and Kochan et al. (1999) argued that, for 
manufacturers, the difficulty involved is selecting the appropriate RP-bascd product- 
manufacturing machine for the manufacture of a product. With the realization of RP as an 
effective manufacturing system, the period between 1986 and 1992 found a tremendous growth of 
RP. Critically, RP is recognized as a means of enabling time compression, which is achieved by 
reducing product development time, manufacturing time and tooling time (Wohlcrs, 2000). 
Statistics detailed by Nyaluke et al. (1995) show that RP is capable of reducing the product design 
/ development stage by 50%. 
2.1.2.1. Product manufacture through RP 
Product manufacture using RP involves the production of 3D parts or models directly from CAD 
drawings, which serve as the product manufacturing data. The CAD data, it is broken into thin 
slices using Surface Tessellation Language (STL) And sent to the RP machine. The STL file, being 
the current CAD to RP format, represents the surfaces of the product in additive layers (Jacobs, 
2001). Using the STL file of product data, the product is built three dimensionally in layers. In 
other words, product manufacture could be considered as the direct conversion of an electronic 
CAD model into a solid physical model (Braglia and Pctroni, 1999). This procedure is generally 
defined by Hopkinson and Dickens (200 1), who claim that "RP r fers oa group of commerc ay et1 11 
available processes which are used to create solid 3D parts from CAD, referred to as layer 
manufacturing technique (LAff)". 
Tbough RP was realised for a wide area of application, RP systems were initially used in 
aerospace and in the automotive sector (Braglia and Petroni, 1999). Following the necessity of 
time compression in a wide product sector, RP applications propagated to a large variety of 
products (Dekker et al., 2003 and Cranford, 2002). With no limitations in the production of hollow 
objects with enclosed volumes, highly complex structures were easily reproduced (Hopkinson and 
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Dickens, 2001). In spite of their advantages, RP systems had several problems including accuracy, 
high cost of product manufacture, reduced materials availability and shortcomings in cnd-product 
manufacture (Walter et al., 2004 and Xu et al., 1999). Several researchers are working to 
overcome these problems (Furrens, 1999, Wohlers, 1994, Wholers and Grimm, 2001). Discussing 
the possible improvements of RP, numerous authors describe efforts to overcome the existing 
problems with RP as attempts are made to turn it into RM, i. e. the manufacture of direct end-use 
products (Griffiths, 2002, Kochan et al., 1999, Grimm and Wohlers, 2003). 
2.1.3. Manufacturing method of RM 
As seen earlier, RP is changing into RM. Therefore; RM adopts a similar method to RP for 
product manufacture. The inputs for product manufacture are the 3D-CAD data, information from 
Computer Tomography (CT), Magnetic Resonance Imaging (MRI) ctc (Hague and Reeves, 2000). 
Technically, RM manufactures products without tools by using additive processes. With the design 
freedom arising from the elimination of tools, virtually any geometry or high-complcxity 
structured products can be manufactured at no extra cost (Hague et al., 2003) and this is 
particularly true for low volumes of products (Grimm and Wohlers, 2003). This prevailing 
manufacturing method addressed by Dekker et al. 2003 requires RM to overcome the cost of 
building complex structures found when using conventional manufacturing systems, i. e. RM is 
expected to provide complex custom products at lower cost compared to the conventional 
manufacturing machines. Following the general discussion about RM, the next Section discusses 
in detail its advantages and disadvantages. 
2.1.4. Advantages of RM 
Evolving RM with tool less additive manufacturing capabilities has various advantages over 
conventional manufacturing systems where complexity, product size and frequent design changes 
are issues (Halliday and Hague, 2002). RM's advantages include a design perspective which 
allows product to be manufactured directly from the CAD data. This is expected to reduce the time 
lag between product design and manufacture with the possibility of the elimination of several 
design aspects. Tbcreby, RM is expected to manufacture products suitable for design for 
disassembly. On the other hand, RM's manufacturing method, described by Hague et al., (2003), 
is to enhance knowledge-based engineering systems to minimize the volume of materials for a 
particular part, and minimize the cost of manufacture of custom products. In spite of the cheaper 
cost of custom products, the products manufactured will have improved ergonomics and fit the 
customer. Furthermore, RM no longer requires homogenous materials for the manufacture of 
products because it is capable of manufacturing products from multiple materials. 
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From the supply chain perspective, the advantages of an RM process include its suitability as a 
just-in-time (JIT) manufacturing system which makes it capable of reducing both the work-in- 
progress and finished goods inventories (Dekker et al., 2003). Because of its 'onc-off 
manufacturing capability, it is viewed as a viable manufacturing system that can be locatcd at 
various points in the value chain. Adopted in the shop floor, it is expected to reduce the floor space 
in the plant layout, leading to savings in overhead costs. Finally, Dekker et al (2003) describe 
RM's flexibility, which allows the possibility of manufacturing several non-identical components 
in a single job. In sum, RM is seen as being capable of providing supply chain solutions over a 
wide product sector. 
2.1.5. Limitations of RM 
As RM is emerging from RP, some of the intricacies involved in RP are rcflected in RM. This is 
particularly true for the limitations in accuracy, high cost of product manufacture, lack of materials 
availability, speed of product manufacture and shortcomings in end product manufacture. Also, 
RM's additive layer system of product manufacture involves a stair-stcppcd cffect, leading to a 
poor surface finish. On the other hand, building thin layers of additive materials may be a way of 
overcoming the stair-stcpping cffect, but at the expense of increasing the time involved in product 
manufacture. Similarly, the inputs served for manufacture, namely, the design tools used to 
generate CAD data, are identified as also providing poor surface finish and increased time of 
manufacture. CAD files are unsuitable for the design of miniature or microstructure products, 
leaving RM unable to manufacture such products alague et al., 2003). The demand is for a new 
method of data capture and data inputs for the manufacture of products. Overall, the RM systems 
arc expensive as compared to the conventional manufacturing systems (Dekker et al., 2003). 
Though RM systems are widely discussed for the manufacture of multiple materials, it lacks wide 
availability and multi materials (Heller, 2006). Furthermore, the custom application of multi 
materials is expected to introduce inconsistency into the testing and characterisation of the 
products. Although customisation is widely seen as a factor in favour of RK it has major issues 
surrounding the involvement of customers in the design of the product. In short, there is no 
definitive study of RM interfacing with the customer for product customisation and the supply 
chain benefits that can be provided. However, RM is finding a major difficulty to enter into 
mainstream product manufapturing functionality since it lacks in testing with a mainstream 
product development (Hague el al., 2003 and Dekker et al., 2003) 
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2.1.6. Focus of RM 
Emerging RM technologies are projected to provide manufacturing and supply chain benefits. This 
Section briefly discusses the focus of RM within these areas. As RM is likely to reduce the cost 
and complexity involved in a conventional manufacturing process by enabling the customisation 
and manufacture of complex shapes at reduced cost. For the manufacture of a custom product, the 
customer is required to interact with the product design (Bardakci and Whitelock, 2003), which 
may be achieved via the Internet. Along with product complexity and customisation, RM is widely 
considered for the manufacture of multi-material products, thus providing major advantages as 
compared to moulding techniques. This focus on the manufacture of custom products with 
multiple materials is further expected to increase the material customisation levels in the product 
(Hague et aL, 2003). An example is where a custom product may contain X percentage of material 
(A) and Y percentage of material (B) to form a complete product. 
RM's tool less, additive, manufacturing technology can serve customer and manufacturer needs 
through its ability to provide customers with unique custom products whilst providing 
manufacturers with the profits and bencfits of supplying low volume custom products at mass- 
production prices. This advancement of RM is to eradicate the high cost and the premium value 
involved in customisation (Dekker et al., 2003). RM's manufacturing ability seems to represent an 
industrial revolution as it changes mass production to mass customisation. This Section has 
identified the industrial benefits of RM, those related to the supply chain are discussed in the next 
session. 
2.1.7. RM in supply chains 
The emerging RM is expected to offer a change in the paradigm of manufacturing, service and 
distribution (Halliday and Hague, 2002). From the manufacturing perspective, RM is seen as a 
manufacturing system providing major reductions in overhead costs along with the capacity for 
manufacturing to take place at locations in or outside the conventional factory (Hague et al., 2003). 
RM is seen to eradicate outsourcing and change the nature of the buyer-supplier relationship. 
Concentrating on the business processes changes, Grimm and Wohlers, 2003 explained the 
possible application of RM to 'product on demand' manufacturing operations and in-house 
manufacturing applications. Identifying the possible theoretical benefits of RM, it is generally 
projected that RM has potential supply chain benefits for the manufacturing of products (Halliday 
and Hague, 2002, Dekker et al., 2003). 
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The mature RP with the ability to reduce lead-time in product manufacturing is seen as a future 
RM machine (Wohlcrs, 1994, Hague and Reeves, 2000). With Icad-time seen as a critical factor, 
as explained by Andries and Glenders (1995), lead-time reduction in any individual area of the 
manufacturing process will result in a reduction of the total time involved in the product reaching 
the customer. In the same context, explained the radical benefit of lead-time reduction in product 
manufacture, i. e. lead-time reduction on products will reduce the work-in-progress and finished 
goods inventories. Thereby, it is generally concluded that RM's manufacturing capabilities will 
bring about prominent changes in supply chains through reductions in lead-time (Dekker et al., 
2003). 
Theoretically, the future projected RM is expected to provide viable benefits for supply chains. 
However, there is no analysis identifying the level to which RM would provide supply chain 
benefits. In this context, Halliday and Hague (2002) claimed that there is a necessity for a future 
study to identify the impact of RM in supply chains. Although the benefits of RM in supply chains 
has been argued theoretically, there is a research gap in detailing whether the possible 
improvements in customisation and manufacturing lead-time reduction will provide benefits to the 
supply chain. Combining the above factors, it is pertinent to note that a research gap exists in 
identifying whether RM will provide benefits in the supply chain, 
With the supply chain being a very wide area involving different factors and various supply chain 
structures along with multiple products, analysis of the entire spectrum of supply chain is 
impossible (Fisher, 1997, Chopra and Meindl, 2004), and beyond the scope of this research. Hence, 
this research is focused within the RM identified parameters, namely, the manufacture of complex, 
unique, custom products and the benefits of tool less operation in reducing lead-time. With the 
above knowledge of RM, the following Section discusses in detail the impact of these parameters 
in the supply chain. 
2.2. Customisation 
It has been argued by Jones and Towill (1998), that the focus on customer satisfaction and market 
place understanding are the critical elements in the supply chain. As RM manufacturing has the 
ability to provide customer satisfaction by producing custom products at mass-produccd prices 
(Dekker et al., 2003). With customisation as one of the essential parameters in this research work, 
a study was carried out to obtain a detailed knowledge of customisation, which will later help 
identify the improvements that RM can offer. 
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Customisation: one-to-one marketing, personalisation or individualisation is defined as " an 
environment in which the customer takes the opportunity in actual design and development of the 
product. Leading which customers are more likely to be satisfied with the overall performance of 
the product" (Bardakci and Whitelock, 2003). Product customisation emerged as a result of 
manufacturers' market-winning criteria of satisfying customer requirements, and for the 
underlying principle of adjusting the supply chain to the changing market trends (Chandra and 
Kumar, 2001). The reason for the emergence of customisation is widely discussed by various 
authors. The primary importance of customer focus dates back to the 1980s with the view that the 
supply chain existed to generate revenue by satisfying the customer. Detailed by Pine (1993), 
manufacturers' concentration on customers as a feature of competitive market pressure resulted in 
a relative shift of power from manufacturer to customer, i. e. the "sellers market" has turned into a 
"buyers market" in which the customer seeks for products suitable for his specific needs. 
Discussing the emergence of customisation, Verwijmeren et al. (1996) identified the growth of 
customisation as a feature of the stronger competitive pressures arising from the worldwide 
phenomenon concerned with the opening of markets. More and more markets have been 
libcralised in recent years resulting in a global market place. It is believed by Ong (1997) that this 
competitive market situation increased the demand for product variety, which later came to focus 
on the provision of non-standard / custom products. With the market demanding custom products, 
study progressed on the identification of the characteristics of custom products. One such case 
study by Silveira (1998) identified the increase of product variety as being a result of 
customisation. 
In order to provide custom products, manufacturers must become involved in interactions with the 
customer, this prolonged and direct interaction to improve customer satisfaction levels has been 
critical in fuelling the growth of customisation. (Alford et al., 2000, and Huang et al., 2002). 
Karkkainen and Holmstrom (2002) explained that this concentration of manufacturers on 
customisation has brought forward several methods for serving customer needs. Moreover, 
manufacturers, along with making a unique product for the customer, have focused on servicing 
other unique customer needs. Ibcse include the customisation of services, distribution methods 
and purchasing methods. One such example is the custom purchase method of customcr-required 
products. According to Krishnapillai and Zcid (2003) this is particularly performed when the 
available methods fail to satisfy the customer's needs. This focus by manufacturer's on the trends 
in the demand for customer-specific solutions, fuelled the shift from mass production to 
customisation and shifted power from manufacturers to customers (Chan, 2003, Lutz et al., 2003). 
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Following the change in market place and growth of customisation, Pulm (2003) sumniar'sed the 
characteristics of custom products as being: low in volume, innovative in nature, increased in 
variety and with a reduced product life cycle as well as producing a product that is not available 
off-the-shelf. Some recent literature has detailed the current relationship between customer 
requirements for custom products and technology. Namely, customers require products and 
services designed for their particular needs and this can be expected to increase proportionally 
with technology (Hock, 2001, Pine, 1993 and Chan, 2003). This focus suggests that stronger 
market competition, global technological improvements and increased customer requirements will 
exist (Duclos el al., 2003 and Yu ef al., 200 1). With a broad view of the characteristics of' the 
current and ftiture existence of custornisation, the following Section details the types of 
custorrusation. 
2.2.1. Types of customisation 
According to Pine (1993), the primary focus of customi sation Is to reduce the variety offered to the 
individual, while satisfying the customer's spccIfic needs. A concerted concentration Oil 
customisation bv manufacturers and academia has lead to an increase in customisation types. To 
summarize, depending on the approach, many researchers use the point %%, here clistonlisation is 
undertaken as the primary dimension for dillercritiating the level of custornisation. Lampel and 
Mintzherg (1996), working on custornisation, divided the value chain into four stagcsý design, 
fabrication, assembly and distribution They claim that the custonusation strategy used is in 
accordance with the position of the customer interaction in the value chain. Therebv, the degree of 
customisation gradually varies depending upon the level of customer integration in the value chain. 
On the same theme, as detailed by Alford el al. (2000), customisation by nianufficturcr dcl)ctids on 
the extent to which manufacturers can bring the CustollICIS Into 111C ý'IIIIC Chain 
Figure2.1 Degree of customisation, (adopted from Alford etal., (2000)) 
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From figure 2.1, the value chain is described as a chain of four processes: design, fabrication, 
assembly and distribution. Where each row represents the type of customisation, namely, core, 
optional and form customisation. Alford et al. (2000), working on customisation from a value 
chain perspective, discussed the approaches by LampcI and Mintzberg, Ross and Pine and Pine Il 
and Gilmore. They identified that, though different authors used different terminology to describe 
the customisation type in the value chain, ultimately, they referred the same meaning for 
customisation type but with a slight change in use. This can be shown with an example, referring 
to figure 2.1 considering the design stage; Lampel and Mintzberg detailed a customisation type 
called 'pure customisation', which is defined as integrating the customer in the design proccss of a 
custom product. Explaining further with an example from the Panasonic Bike Company, the 
customer is measured to provide the dimensional requirements for frame design and other 
components are suitably chosen to match the customer dimensions. Here, features are selected 
from a wide choice according to the customer's preference. A selected specification is sent to the 
manufacturer, according to which the frame and other components are fabricated, assembled and 
delivered to the customer (Lampel and Mintzberg, 1996). Ross describes the same example as core 
customisation, but instead of the manufacturer, here it involves a third party between the 
manufacturer and the customer who enables the product customisation. Pine 11 and Gillmore, 
discussing the same theme, described customisation at the design stage as 'collaborative 
customisation'. Where, manufacturers are involved in a dialogue with the customer to identify 
their needs and establish the requirements for the custom product (Alford et al., 2000). 
Following the above sample of definitions, according to Alford et at (2000), pure, core and 
adaptive customisation are effectively the same customisation strategy. With customisation types 
defining the same strategy, figure 2.1 details the customisation types developed by Alford et at 
(2000) for automobile products. Referring to figure 2.1, 'core customisation' is defincd as the 
customer being involved with the manufacturer in designing the vehicle for his specific needs and 
applications. However, there is only a limited scope for the customer to request changes that affect 
the core design of the product. Discussing 'optional customisation', here the customer is to select 
from different options, though the vehicle design may not be changed for any reason. The 
customer is integrated within the manufacturing process as vehicles are assembled according to 
customer requirements based on customer choices. Certain product features can be added by the 
distributor to give the customer the features they require, this aspect of changing the product at the 
distributor end of the production and delivery process is called 'form customisation'. From the 
above context, it seems clear that the point at which the customer becomes involved in the 
production cycle is a key indicator of the degree or type of customisation provided (Duray et al., 
2000). 
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2.2.2. Manufacturing challenges in customisation 
Steger and Svensson (2004) explained that only manufacturers with very high volumes have been 
able to customise products with the same efficiency as mass producers. For example, computer 
manufacturers like Dell and car manufacturers have been successful in customisation. This success 
is because of the large number of units manufactured, which enables the manufacturers to push 
products to a high degree of completion before adding the customised features. Consequently it is 
visualized that the success of these manufacturers is not directly transferable to low volume 
production. This is because product customisation implies increased challenges for the 
manufacturer, like increases in the cost of manufacture, the inability to guarantee being able to 
satisfy customer needs and desires and, finafly, the escalating complexity of the supply chain. 
Although, to overcome the complexity involved, manufacturers have adopted different 
management and manufacturing techniques, the internal and external issues that constrain 
performance may be beyond the direct influence of manufacturing and may not be resolved by 
implementing these techniques. Wide product variety as a result of customisation only results in 
the manufacture of products frequently and deliveries may be too small leaving stressed suppliers 
and increased manufacturing cost. Tberefore, according to Alford et aL (2000), an cfficient 
manufacturing system that can manufacture custom products with a reduced stress on 
manufacturing is required. This is along with the changes in facility layouts, technology, 
established work practices and other techniques relevant to ensuring that the product ordered is the 
one that reaches the customer. 
With every custom product represented by a unique combination of information, this significantly 
increases the need for information management. As the rules for product manufacture expand 
dramatically, custom production demands a huge amount of valid information. To control the 
diversity of complex products, configurations are often applied to help constrain the cost of the 
specification process. The specification process covers processes like bids, order management and 
product configuration (Jensen and Svensson, 2004). In the same context, Jensen and Svensson 
(2004) illuminated the internal friction involved in custom product manufacturing, which leads to 
poor custom production. Symptoms of friction are described as resulting in time-consuming order 
processing and costly, multiple, revision of specifications. Also, throughput times are long, 
delivery dates are not met, last minute changes take up an increasing portion of resources, 
production plans are inaccurate and often overruled and turnover gross profit decreases. 
Alternatively, it is identified that these symptoms are caused particularly by the lack of valid 
information for the efficient production of customised products. 
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Following the current future-focused, research approach, along with the present day requirements 
of customisation, future requirements are also visualized. Detailed by Deloitte and Touche (1998), 
"the future challenge will be a customer driven business strategy requiting attention to the 
customer and an essential manufacturing process with a complete integration of the components 
ofthe supply chain". This integration can be leveraged by Internet applications linking members of 
the supply chain to form a so-called interactive "supply web". To serve the customer requirement, 
a future business model will need a networked environment and employ integrated, wcb-centric 
solutions to bring real-time effects to their custom product manufacturing options. This paradigm 
requires: 
0 Collaborative supply chain partacrs with synchronizcd opcrations and co-ordinatcd 
planning systems 
Extensive use of the Internet and the WWW as the enabling technology to create 
operations between members 
Full integration of customers into the process. 
In context, the application of an information system is required to serve the present and future 
customisation needs. 
2.2.3. Customer requirements in customisation 
Customers disregarding the need for wide product variety and engaged in the search for 
distinctively suitable products led to the emergence of customisation (Elgard and Miller, 1998). As 
seen earlier, customisation requires the interaction of the manufacturer with the customer and this 
is only possible by the application of information technology (Bardakci and Whitclock, 2003). 
This application of information technology for connectivity between the customer and the 
manufacturer has opened up new ways for customisation to take place (Fulkerson, 2000). These 
include, Business-to-Business (B2B) for tangible custom products and Business-to-Consumcr 
(132C) for custom products. For example, the Ford Motor Company uses online conferencing 
between customers and designers to design a vehicle (McGaughey, 1999). Dell uses the Internet 
for customisation, namely modularity, allowing customers to choose product features from among 
its standard products. It allows part of the product to be made in volume as standard volumes with 
product distinctiveness are achieved through the combination or modification of the modules. 
(Duray et al., 2000). The intervention of information technology applications in customisation has 
streamlined the environment to make it more responsive in nature. Industries have developed 
Internet sites to sell their customised products (Frustos and Borenstein, 2004). With the increase in 
industrial competition and concentration on customisation, competitive pressure has altered the 
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customer's choice in demanding more custom products. This demand for particular product 
requirements, along with the application of information technology, has increased the pressure on 
manufacturing industries and the supply chain to identify effective means of customisation and 
delivery of the custom products (Karkkainen and Holmstrom, 2002). 
As explained by Kehoe and Boughton (2001), market competition among industries to ensure 
customer satisfaction increasingly depends upon the achievement of logistical factors such as lead- 
times, service level and delivery. Following the line of logistical factors for custom products, 
identified by White and Pearson (2001) and Pulm et aL (2003), the major emphasis on custom 
products is on lead-time reduction. 
Discussing the lead-time involved in obtaining a custom product from a value chain perspective, a 
customer ordering a custom product for manufacture expects longer lead-times. Alternatively, 
customers involved at the assembly end of the value chain obtain the product quickly with a 
reduced lead-time (Poulin et al., 2006). Realising that the reduction of lead-time on custom 
products was essential, efforts have been made to identify several requirements and methods, some 
of which are discussed in context in this research. Silveira (1998) and Christopher (2000) 
examined the grouping of products and the technological requirements of highly flexible 
manufacturing systems. McGaughey (1999) explored the necessity of technological improvements 
along with organizational improvements to the changing customisation requirements. Exploring 
fimther, Huang et al (2002), explained the organisational changes in manufacturing which have 
come about with the adoption of new technologies and tools. Similarly, modularity, product 
standardisation and various other new approaches, including computerised production 
technologies, have been noted (Magrab, 1997, Pathak et al., 2000 and Duray et al., 2000). In spite 
of the organizational changes in manufacturing, the gap persists in the servicing of the need for 
custom products; the search is for newer technologies and methods that can reduce the lead-time 
on products (Poulin et al., 2006). With the need for custom products at reduced lead-time by 
customer, firther concentration on lead-timc and its components is essential. 
2.3. Lead-time 
Beesely (1996) and Jones and Towill (1998), claim that customer demand for product variety 
includes obtaining the product at reduced lead times. This customer requirement in the competitive 
market forced organisations to concentrate and decrease the time-to-market (Nyaluke et al., 1995). 
ýV 
The Lead-time, as defined by Christopher (1992), "is the time elapsed between order to deliver '. 
components of the lead-timc for a product depend on the production cycle adopted. Figure 2.2 
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shown below, details the total lead-time incorporating its components in a customer ordcr-to- 
delivery cycle. Where each component accumulates, the certain amount of time in processing the 
product and the accumulation of all the components is the total lead-time involved for the product. 
The cycle begins with a customer order followed by a chain of processes and ends by the customer 
receiving the order (refer figure 2.2). 
Lead-time emerged as an issue in 1913 when, realising that time compression was an cffective tool, 
Henry Ford introduced mass production. Following Ford, many manufacturing industries adopted 
the idea of Icad-time in the area of production and operations (Tersinc and Hummingbird, 1995) 
and it expanded, from a market perspective, during the following years so that, in the 1970s, price 
and lead-time reduction were considered as key drivers for success (Huang et al., 2002). In the 
1980s, lead-time reduction was the market qualifier and later became a competitive weapon in the 
1990s (Stalk and Hout, 1990). Currently, the need for reducing lead-time in manufacturing is 
growing and becoming a matter of major importance. In short, as claimed by Towill (1996), 
although lead-time has existed as a competitive tool in the market for more than 50 years, the gap 
between theory and practice remains the same. 
Lead-time appears to be different for various people; the customer views Icad-time reduction as a 
manufacturers' response, while the manufacturer claims that it is a means of performance 
improvement (Beesely, 1996). This Product cycle involves various components, in which context, 
Tersine and Hummingbird (1995) see that the components of lead-time vary in stages from design, 
product development, manufacturing, order entry, time to deliver a product and product 
distribution. Therefore the domains that require' lead-time reduction are many. But, focusing 
according to the research context of manufacturing, lead-time reduction in manufacturing 
perspective is concentrated. The possibilities of Icad-time reduction are discussed in the next 
Section. 
2.3.1. Lead-time reduction 
Following the research focus of the analysis of a manufacturing system, concentration on lead- 
time reduction is narrowed to the manufacturing arena. Work on the various dimensions for the 
better use of time in manufacturing, identified several measures adopted for lead-time reductions. 
Namely, Icad-time reduction in design time, cycle time, set up time, throughput time, process 
facilities and delivery time (Tcrsine and Hummingbird, 1995, Souza et al., 2000). On the same 
theme, Jones and Towill (1998) working on lead-time reduction from a manufacturing perspective, 
concentrated on the entire material perspective and the detailed material flow line in both strategy 
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and technique. Table 2.1 -details the entire spectrum of strategy and technique involved in lead- 
time reduction from the manufacturing perspective. Referring to table 2.1, strategy is differentiated 
into three rows, namely, industrial engineering improvements, production engineering 
improvements and operations engineering improvements. Each of these holds its respective 
techniques. Amongst which, reducing sct-up time is seen to have a profound impact as compared 
to any other technique of lead-time reduction. This could be seen from the early example of the 
development of an RP machine. 
Table 2.1 Components of material flow line, (source, Jones and Towill, (1998)) 
Strategy Technique 
Set-up time reduction 
Industrial engineering Improvements Handling methods 
Product design 
Production engineering Improvements 
Integrate processes 
Sequence processes 
Kanban 
Operations engineering Improvements JIT supplies 
Shared call-off data 
This is because the focus on sct-up time reduction has been an ongoing process over the past 30 
years, and it has focused on reducing the time and costs involved in changing the sct-up time for 
the tooling requirement to produce one product to the tooling requirement to produce another 
(White and Pearson, 200 1). Reducing the sct-up time is identified to be more economic because, as 
explained by White and Pearson (200 1), it results in more time becoming available for production. 
From the production perspective, reduction of sct-up time is claimed by GuIcs and Burgess (1996) 
as a means of flexibility, i. e. the flexibility of a manufacturing system to handle product variety. 
From the manufacturing perspective, this need for reduced set-up time and a flexible internal 
environment has brought about some major requirements in lead-time reduction, resulting in 
impacts on flexibility in manufacturing. Following which, techniques like Kanban, just-in-time 
(JM, group technologies, cellular manufacturing and continuous improvement philosophies have 
emerged (Tersine and Hummingbird, 1995). Fifteen different types of flexibility in manufacturing 
have been identified by Duclos et aL (2003). However, the search is still on for a suitable 
machinery with product manufacturing flexibility and responsiveness to changes in product mix or 
volume (Jones and Towill, 1998 and Onuh, 2001). Following the identification of the requirement 
for a suitable flexible manufacturing system for set-up time reduction which will finally help to 
reduce lead-time, the next Section discusses in brief the cffects of lead time. 
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2.3.2. Effect of lead-time 
Lead-time management is critical because it affects customer relations and shop floor management. 
Lead-time affects many factors such as process needs, batching, shop congestion, dispatching rules 
etc. It is very well known that a larger portion of lead-time is spent either waiting in queues or in 
transit than in actual processing (Ztu et aL, 2006). In order to provide real benefits to the supply 
chain and to improve: its performance, a reduction of lead-timc is an essential factor. On other hand, 
the major consequence of long lead-times has been identified as the cost involved along with high 
inventories (Stalk 1988, Tersine and Hummingbird, 1995). Therefore, it is clear that reducing 
lead-time improves supply chain performancc, allows the exploitation of new markct opportunities 
and enables rapid responses to customer requirements (Childcrhouse and Dennis, 2000). 
It has been shown above that amongst the various benefits of lead-time reduction, inventory 
reduction is identified as a major benefit, i. e. reducing the order to delivery cycle time serves to 
reduce the inventory involved (Power et al., 2001). This is explained as, the higher the processing 
time for a product in a manufacturing industry, the longer is the product stay and the higher is the 
inventory involved (Jones and Towill, 1998, Stalk, 1988). Hence it is obvious that, lead-time and 
inventory are interrelated components. Simpson (1958) was the first to consider the relationship 
between lead-time and inventory. He explained that the level of inventory depends on the delivery 
lead-time. With lead-time and inventory are the interrelated components involved in supply chain 
performance improvements and inventory reduction is yet another critical factor in the total supply 
chain (Stalk 1988). The next Section briefly discusses inventory management in the supply chain. 
2.4. Inventory 
Inventory is an important supply chain performance parameter and is defined as "all raw materials, 
work-in-progress andfinished goods within a supply chain" (Chopra and Mcindl, 2004). It is a 
major supply chain driver; where changes in inventory dramatically change the efficiency and 
responsiveness of the supply chain. The main aim of a supply chain is to provide products and 
services at lower cost. However, although inventory is a major role player in supply chains, it can 
cause immense expense (Kehoe and Boughton, 2001). Summarised by Lancioni et al. (2003), 
inventory management is the costly area in the supply chain, accounting for 45 percent of the total 
costs of logistics in a firm. As a means of reducing the expense incurred and realizing its necessity 
in supply performance improvement, inventory reduction in industry has been studied by 
numerous authors (Towill, 1996 and Geary et al., 2003). It was studied as a multi-echelon issue for 
a long time (Al-Mudimigh et al., 2004, Chandra and Kumar, 2001). Much of the research into 
supply chains in the last two decades has concerned inventory reduction (Quayle, 2003). Since the 
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first study in 1941 and with its effects studied from 195 8 (Geary et al., 2003), a significant number 
of theoretical models have been developed since the 1960s to reduce inventory. Inventory 
reduction has been traditionally viewed as a means of reducing cost and is c6nsidercd as an 
important aspect throughout management (Andrics and Gcldcrs, 1995). 
Forrestor (1962), working towards inventory reduction, detailed poor demand prediction and 
bullwhip effects as a reason for inventory holding. Following which, Fisher (1997) viewed 
inventory increase as a reason for a poor mismatch between the supply chain and the product. To 
overcome the mismatch, he grouped products and suggested the application of appropriate supply 
chains to suit each product's characteristics. This was followed by Scimchi (2001), detailing the 
relationship between supply chain responsiveness and inventory. Scimchi bricfcd about the 
difficulty faced in responding to the market requirements, namely improving service levels while 
reducing the system wide cost. Nevertheless, a high inventory is required in order to provide high 
service levels, but holding inventories lead to an increase in cost. While Scimchi (2001) viewed 
inventory in terms of customer responsiveness, Hock (2001) focused on the total supply chain. 
Hock (2001) claimed that inventory problems arose as a result of increasing the number of supply 
chain members or layers in the supply chain. As the factors affecting inventory in supply chains 
are many, Yu et at (2001) claimed that uncertainty in supply chains was a reason for inventory 
and that there are numerous uncertainties involved in supply chains. However, the identification of 
these uncertainties and the reasons for inventories is outside the scope of this research. 
Critically, the focus for this research is on customisation (high product variety) and manufacturing. 
Sarkar and Zangwill (1991) claim that product variety increases set-up times and involves high 
work-in-progress inventory thereby reducing the cfficiency of the system. From the manufacture 
of custom product perspective, customisation means manufacturing products in small batches. It 
increases the proportion of time involved in setups, the quantity of materials involved in work-in- 
progress and lowers overall productivity (Andrics and Gelders, 1995). Following the necessity of 
inventory reduction and concentrating on inventory from a custom product perspective, identifies 
product customisation as a contributory factor to increases in inventory. The following Section 
discusses inventory management in this context. 
2.4.1. Inventory management 
Focusing on inventory management from a manufacturing perspective, as seen earlier, custom 
products are required at shorter lead-times, and lead-time reduction reduces the inventory involved. 
For lead-time reduction, manufacturers have identified set-up time reduction as being highly 
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beneficial (Eisenberg, 1972). This is because reduction in the sct-up time for a product relatively 
reduces the inventory. 
Several alternative methods for dealing with the issue of controlling inventory and the flow of 
materials in supply chains at reduced lead times have been developed for use in industry over the 
years: one such is the Kanban method. Almost all of the methods currently in use were developed 
in the beginning and middle of the twentieth century. Few changes in planning have taken place 
since these various methods were introduced. This is particularly so with reference to lead times, 
which were influenced by JIT. Although these technologies were efficient, the corresponding 
developments reflected on delivery lead-times or product reach. Earlier inventories were typically 
replenished periodically, e. g. once a month, while in the current situation the frequency of 
replenishment is more usually weekly or even daily. This is particularly so for custom products. 
The trend for smaller order quantities and shorter delivery frequency has had a profound cffcct on 
product distribution and inventory holding of the products (Mattsson, 2007). 
With inventory reduction as an essential requirement for supply chain improvements, among the 
various inventory reduction methods, information flow is identified as being essential. Information 
applications are considered and are essential if customers arc to interact with manufacturers to 
customise products. Alternatively, they arc cssentW for Icad-time reduction (Slotnick and Sobcl, 
2005). Ilus the relevance of the information required needs to be considered. 
Many texts claim that inaccuracies in the information flow in the supply chain contribute to 
increases in inventory. A large number of authors have concentrated on improving information 
flow in the supply chain (Verwijmercn et al., 1996, Jones and Towill, 1998, Sander and 
Brombacher, 2000, Forza and Salvador, 200 1) and discussed replacing inventory with information 
(Helms et al., 2000). Several research models, and information technology applications, like 
electronic point of sale data (EPOS), electronic data interchange systems (EDO, salcs-based 
ordering (SBO etc have been adopted (Lununus and Vokurka, 1999, Gurau et al., 200 1). The web- 
based technologies like enterprise resource planning in combination with integrated infon-nation 
flows were other alternatives for inventory reduction (Lutz et al., 2003). Although the application 
of information systems was found promising in inventory reduction, as briefed by Earl et al. 
(2000), in some situations the cost of setting up the inforination system might negate the effect of 
the resulting inventory changes. 
Inventory is claimed as one of the reasons for the mismatch of product type and supply chain. On 
this theme, Fisher (1997) proposed the selection of suitable supply chains for inventory reduction. 
25 
Chapter 2 
Following the suitability of the product type for the supply chain, product variety is also claimcd 
to have an effect on inventory such that the higher the product variety, the higher is the inventory 
involved. In addition, Christopher (2000) and Scimchi (2001) suggested the holding of products at 
the generic level whilst using order as the basis for configuration. Being generic, the same 
component can be made into different varieties of products. But, this method opened several new 
dimensions including multi-location inventory systems, safýty stocking, improving delivery rates 
(Lutz et al., 2003), vendor management inventory (Zhao et al., 2002), standardisation, improving 
delivery speed and just-in-time operations (Kehoe and Boughton, 200 1). These all lead to a change 
in traditional production and distribution systems (Yu et al., 2001). Ibcsc changes increased 
competition among firms as to how they will manage their manufacturing and logistics systems 
(Soliman and Yousscf, 200 1). 
Following other possible ways to overcome inventory, industries adopted just-in-time distribution 
and production systems (Nielsen and Holmstrom, 1995). However, according to Holwcg and 
Miemcyzk (2002), this movement of distribution increased transportation cost and pressure from 
government rules and regulations regarding transportation activities. Further, frequent distribution 
increased inventory-carrying costs and logistics costs, which are a major portion of the supply 
chain (Hooper, 1996). Realising the problems involved in frequent distribution and the cost 
incurred in holding inventory, industries focused on digital distribution of the products. Working 
along with information systems and distribution, Lancioni et aL (2003) identified that the 
application of digital technologies will possibly reduce the inventory by 30 percent. Kchoc and 
Boughton (2001) claim that, in spite of several measures taken by respective industries in order to 
reduce inventory, a new manufacturing process is required. Thus the discussion about inventory 
identified the necessity of two parameters, namely, information and the manufacturing system, in 
order to achieve inventory reduction. Following from this, the next Section discusses the 
narrowing of these supply chain parameters. 
2.5. Research focused supply chain parameters 
Chapter 1, shows that the focus of this research is on identifying the potential impact of RM in the 
supply chain. It has been identified from the literature that the supply chain is a vast area with 
various functions and numerous parameters (Forrester, 1962, Chopra and Mcindl, 2004, Jones and 
Towill, 1998, Andries and Gelders, 1995). Identifying or analyzing the impact of RM on all these 
parameters is beyond the scope of this research. In many respects RM is an emerging system and 
there is little cxtant literature related to RM from a supply chain perspective. With the current 
research aimed at identifying the impact of RM on the supply chain, a balance between highly 
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available knowledge conccming the supply chain and the low availabilitv of knowledge on RM is 
required. In order to achieve this balance and to concentrate on the research airn, the research will 
focus on the availabic literature concerning the supply chain parameters relative to RM that have 
been discussed above. 
Figure 2.2 Pictorial representation of narrowed research 
Dependent parsimtem 
Resenerh fovii% 
Concentrating on the above research perspective, the research has progressed from manu I'actu ring 
to the supply chain. RM appears to have the niantil'acturing abilities to improve custornisation and 
manufacture products at reduced lead-tinic. Altcriiatively, from the supply chain perspective, the 
present day market requirement is for custormsation with customers seeking for custom products 
at reduced lead times (Andrics and Gelders, 1995, Bcesely. 1996, Jiao and 'I'scrig, 2004). As the 
ma . jor 
focus of custornisation is in the value chain perspective, however, the manufacturing 
perspective within the value chain was not much discussed. In addition, a custom product with 
reduced Icad-time is found to be the essential requirement for the customer. Controlling the time 
involved in customisation and manufacturing was found to reduce the inventory involved (BccsciN,, 
1996). Thus, realising lead-tinic and inventory reduction are interrelated (Andries and Gclders, 
1995). Alternatively, focusing on inventor), I reduction and customisation improvements idctit'ficd 
information as an essential parameter. According to Childerhouse and To%NIll (2000), these 
identified interrelated factors are found to be essential for supply chain improvements. Combining 
these factors, figure 2.3 elaborates the interrelated components, nanick customer requirement, 
lead-time and inventory for custom products. Describing the meaning of figure 2.3 in brief 
customer demands for custom product at reduced lead times (Quayle, 2003, Clulderhouse and 
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Dennis, 2000), where Icad-timc and inventory are interrelated components. Ilus these structured 
factors are identified to be the relevant factors in the current research work. 
As explained by Beamon (1998), Beamon (1999) and Chan (2003), supply chain pammetcrs are 
numerous and these again vary from industry to industry. But, irrespective of product/industry, the 
widely discussed parameters are cost followed by customer responsiveness. On the same theme, 
Chan (2003) claimed that, although cost is an important parameter, the customer should be the 
primary focus in supply chain pefformance analysis. Identifying the primary requirement for 
supply chain pcrformance analysis as the customer, the research parameters involved in the supply 
chain measurements are essential in relation to customer focus, namely customisation at reduced 
lead-time. 
2.6. Integration of information systems 
No technology can survive in a stand-alone position for a long time (Onuh, 2001), this applies to 
the emerging RM technology. Tay et aL (200 1) discussing next generation manufacturing, detailed 
the information technology requirements. They explained that fidure manufacturing machines 
should focus on integrating information systems with their manufacturing capabilities. 
Coronado (2003) asserts that manufacturers adopted infonnation technology and/or the Internet to 
attain flexibility, improve customer responsiveness and obtain a better performance at reduced 
costs. In cost reduction, the Internet has opened new doors for manufacturers, distributors and 
suppliers to optimise the supply chain and create a virtual or extended enterprise more quickly and 
cffectively at a lower cost than before (Boubckri, 2001). Green (2001) explained that the early 
information technology emerged as ERP applications in the supply chains. As described by Kchoe 
(2001) and Garcia and Lambcr (2003), upon emergence, information technology focused on 
Business-to-Consumcr (B2Q applications, which was later extended into Busincss-to-Business 
(M) and then to the overall supply chains. Analysing the extended application of infonnation 
technology, Kchoc and Boughton (2001) detailed the change in structure, i. e. the Intcrnet-based 
information transfer (web structure) replacing the traditional linear movement of information 
within the supply chain. Further, this change in information systems brought about several 
Internet-bascd business applications. 
Lee and Wang (200 1) define e-business as "... the planning and execution of the front end and 
back end operations In a supply chain using the Internet". In order to obtain increased benefit 
from the Internet, e-business is classified into three applications namely, e-procurement, c- 
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collaboration and e-commerce. According to Lee and Wang (2001) "e-procurement Is a B2B 
application aided for product manufacturing related Information offering information for 
numerous buyers and sellers" and "e-collaboration is the process ofsharing ofinformation related 
to SC improvement at various levels. 77ils is in order to reduce inventory and bull whip effects". 
Olhager and Rudberg (2003) further investigated e-business, and claimed that e-business, 
consisting of e-commerce, received most attention. They defined e-commercc as "the process of 
buying and selling of goods and services on the Internet, including B2B, B2C, EDI, online 
catalogue etc". With the above knowledge on total information technology systems and 
application in the supply chain, the next Section gives details about their application within the 
rcsearch focus. 
2.6.1. E-commerce in the supply chain 
The need to increase the role of information systems led to e-commerce (e-com) along with c- 
business, of which, e-com evolved into different types of activities (Murillo, 2001). Mclvor et al. 
(2000) believed that e-com is not just a single technology, but a combination of technology, 
applications, processes, business strategies and practices necessary to do business electronically. 
On a similar theme, summarised by Boyle (2001), e-com and the Internet have already begun to 
revolutionise the manner in which firms compete in both industrial and consumer markets. Initially, 
e-com came to wide attention in the retailing sector (e. g. Amazon Books where customers can 
browse and place orders), but it later found other applications in sales, customer service and 
support (Nyaluke et al., 1995). Working on applications of c-com, Murillo (2001) identified the 
sophisticated application of c-com. in the supply chain, namely in the integration of customers with 
the manufacturer, which had a major impact. In a broader context, c-com found its major cffcct by 
improving the total supply chain by working closely to integrate the customer with the 
manufacturer. 
In general, e-com is considered to contain clusters of separate innovations making up a technology 
system, rather than a single technology (Lertwongsatien and Wongpinunwatana, 2003). The results 
of the application of e-com technology are the reductions in inventory cost, delivery time (Frohlich 
and Westbrook, 2002), procurement, logistics and distribution costs (Gunasekaran et al., 2002) 
and engineering, product development and design costs (Kothandaraman and Wilson, 2001). As 
the literature shows that the benefits of e-com applications have propagated throughout the supply 
chain, it is the contention of the researcher that the cffective application of RM in the supply chain 
requires a suitable form of integration. 
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2.6.2. Integration of RM, e-com and the supply chain 
Seen through earlier section, within inventory reduction methods, the application of information 
systems is a widely discussed factor (Jones and Towill, 1998, Lau and Lee, 2000, Lee and WI=g, 
200 1). Focusing according to the research perspective described by Barnesa and Hinton (2007), c- 
com serves as an enabler to reduce lead-time and inventory on products by enabling quick delivery 
on products that are digitisable. On the other hand, Stalk and Hout (1990) and Jones and Towill 
(1998), realising the complexity of the supply chain, identified the opportunity for time 
compression through information sharing. Jones and Towill (1998) following the same line of 
lead-time reduction identified two parameters, amongst which the information system is a very 
widely recogniscd. On the same lines, Jayaram et al. (2000) detail the necessity for an information 
system, explained the application of a real time information system as an infrastructure for 
minimising cycle time in the supply chain. This is because, information systems provide 
connectivity with the supply chain members for the transfer of customer- / product- related 
information. With the above knowledge of inforn-iation systems in relation to lead-time and 
inventory reduction, research has been concentrated on e-com to identify the possible ways of 
reducing the lead-time and inventory involved for RM manufactured products. 
Manufacturers concentrating on the criteria for success identified "responding to customers" as a 
market survival strategy. In order to achieve success, manufacturers sooner or later realised the 
necessity of e-com (Kchoe and Boughton, 2001). Though c-com is recognised for various sectors, 
Murillo (2001) identified its major applicability as being only in B2C and B2B applications. In 
132C it provides a direct interaction between the manufacturer, the customer and the options of 
business (reducing the middle men in the supply chain) (Dclfmann et al., 2002, Scimchi and 
Simchi, 2001). 
From the above literature background, focusing within this research perspective of product 
customisation, the information system is seen to be the missing link in the process of integrating 
the manufacturing system with the customer. e-com is likely to play a pivotal role in supply chain 
enhancement; particularly for the requirements of inventory and Icad-time reduction, which are 
projected as being major drivers for future supply chains (Lau and Lee, 2000). As a result, the 
application e-corn is integral to the analysis of the impact of RM on the supply chain. 
2.7. Future predicted analysis 
Analyzing and identifying the impact of RM with c-com integration on the supply chain involves 
an attempt to predict the future since, RM manufacturing capabilities are yet to emerge. The 
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literature discussing RM predicts that its emergence will lead to major changes (Dekker et al., 
2003, Halliday and Hague, 2002, Hague et al., 2003 and Wholcrs, 1995). In this context and 
referring to Section 1.2, this research is aimed at identifying this potential impact of RM on supply 
chains. As analyzing the cffcctivcncss of RM in all the areas of the supply chain is beyond the 
scope of this research. Current research is focused on identifying the possible capabilities of RM 
for customisation, lead-time and inventory reduction. Specifically, the literature review shows that 
these particular parameters are essential requirements for supply chain improvements and that they 
are found in conjunction with RM. Hence, the research sets out to analyse the potential function of 
RM within these parameters as well as to identify the essential requirements for RM to function 
effectively. 
Agreeing with Ascher (1979), a practical analysis of a future predicted manufacturing system 
within the current situation is impossible and therefore requires a theoretical analysis. The 
following chapter discusses the essential requirements for identifying a suitable approach for this 
analysis. 
2.8. Scope and boundaries of the research 
PhD research is not unbounded; it is constrained by a number of factors like the researcher's time, 
competencies and finances. Therefore, there is a limit to the total scope of the research undertaken 
and the major factors covered by the research aim of the thesis. The research focuses on the major 
supply chain factors. Some factors are considered but not totally covered whilst some of the most 
influential factors outside the scope of the research but which could have an effect on any 
conclusions drawn are also cxamincd. 
Discussing the identification of major supply chain pamznctcrs in conjunction with RM, identifies 
the important role of information systems for fiiturc progrcss. Lee and Whang (2001) note that 
supply chain and information systems arc highly integrated and that this is Rely to continue into 
the future. Ibus, any analysis of the future prospects for RM needs to consider the integration of 
RM, c- com and the supply chain. 
Identifying the potential of RM from the literature, focuses on the supply chain benefits expected 
to come from RM. At the heart of the supply chain perspective lics the current customer / market 
requirement to satisfy the customers' needs whilst simultaneously improving the manufacturing 
performance parameters. Customer-centred parameters and some interrelated supply chain 
parameters that have emerged as long-standing problems in the supply chain are spccifically 
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examined. Further, this research expands upon some well-known research into manufhcturing 
strategy and uses this within the context of supply chains. As the research area is a new domain, 
several components of its parameters are not specifically covered by the thesis, although a number 
of areas are mentioned. Ibc quest for RM's impact on supply chain improvement lies at the heart 
of the research. Various supply chain performance parameters, customer product purchasing 
criteria, manufacturer response criteria and e-com. aspects are considered. Finally, the management 
aspects of RM technologies are examined. In general the focus is on incorporating RM, the supply 
chain and c- com at the macro level. However, all of the research conducted as a part of this thesis 
has focused on products and not on services. 
Certain factors that fidl outside the scope of the thesis require explanation. Firstly, the technical 
features of RM were not considered, even though they could have a major effect on the research. 
Secondly, from the e-business perspective, Internet security, cost, procurement, c-manufacturing, 
the identification of suitable information systems, customer interaction and limitations are not 
specifically examined. Finally, in the supply chain, the cost benefit analysis, transportation and 
distribution, service levels, degrees of handling, product variety, geographical limitations, 
performance of supply chains and many detrimental effects were not considered. This selectivity 
was critical in order to narrow the focus of the research to a manageable level. Providing a brief 
overview on the research areas under consideration, the following Section discusses the literature 
findings. 
2.9. Research questions 
This research is aimed at identifying the potential impact of RM on the supply chain. With an 
objective of investigating the benefits and difficulties of RM, a wide literature review of RM was 
conducted. This identified the theoretical possibilities of RM in the supply chain, but lacked a 
detailed study of, or methodology for, identifying the benefits of RM for the supply chain. In 
context, the study of RM identified the requirement for a test and identified the requirements to 
investigate the functionality of RM in the mainstream of the supply chain. Alternatively, the study 
of RM only discussed the disadvantages of RM from the manufacturing perspective, while there 
was a lack of detail concerning the specific disadvantages of RM from the supply chain 
perspective. 
Following the preliminary objective, the identification of potential areas in the supply chain that 
would benefit from the application of RM are set out. With RM concentrating on the manufacture 
of custom products, the areas that would benefit from RM are those linked with customisation. A 
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detailed study of customisation defined the necessity for an examination of its cffect on the 
manufacturing part of the value chain, i. e. the possible degree of customisation that RM, as a 
manufacturing machine, can provide in the design stage of the value chain. 
With lead-time reduction being considered essential, fiffther work identified yet another 
detrimental effect on inventory, i. e. reducing lead-time reduces inventory on the product involved. 
As a result, inventory reduction is identified as yet another factor in the supply chain. Inventory 
handled by manufacturers is reducing drastically; it has already been reduced from months to days. 
However, the decrease in inventory combined with increases in lead-times creates a cumulative 
pressure on product distribution leading to the need for frequent distribution with low product 
volumes. This is particularly true for custom products, which typically require frequent 
distribution of low volumes. Ilerefore, the focus on inventory identified the need for the 
identification of suitable measures in distributing the custom manufactured products likely to 
result from the introduction of RM. 
This literature review reveals that information systems arc a major requirement for the effective 
functioning of the supply chain. Tlicrefore information systems will play an essential role in 
integrating RM and the supply chain. The need is to visualize how this could be accomplished. 
Great attention has been paid to areas where particular parameters have a direct impact on each 
other. An essential requirement of this study is for future supply chain parameters to be identified, 
and integrated. The literature on supply chains is a vast area involving several parameters, each of 
which can have a cumulative effect on other parameters. To be precise, most of the supply chain 
parameters arc interlinked where an effect on one reflects on another. Therefore, referring to the 
second objective, the potential areas that would possibly bencfit from RM in the supply chain are 
identified as customisation, lead-time and inventory. It is required to identify how RM would 
affect these parameters. 
Following the brief description of research parameters and literature review, the research questions 
in this section are detailed below. 
1. What are the advantages and disadvantages of RM in the supply chain? 
2. What is the possible degree of product customisation that RM can provide at the design 
stage of the value chain? 
3. Will possible improvements in customisation and lead-time reduction by RM improve 
supply chain perforniance? 
4. What can RM do for frequent distribution of low volume custom products? 
5. Can e-com be integrated with RM in supply chain? 
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6. What is the appropriate method to study the impact of RM in supply chain? 
Following the early research objectives, certain questions which require answers were identified 
and these questions increased the number of objectives from the three shown in Section 1.2; 
4. The identification of a specific methodology to be used in this research to investigate the 
future of RM in the supply chain. 
5. Ile development of suitable supply chain structures with RM as a manufacturing machine 
in order to study the impact of RM on the supply chain. 
2.10. Summary 
ne early stages of the literature review involved the identification of all the subjects that needs to 
be considered. This accords with the research objective of identifying the potential areas in the 
supply chain that would benefit from RM. RM is expected to make an impact on the supply chain, 
particularly for its unique custom-product manufacturing capabilities. A review of different types 
of product customisation showed that the degree of customisation of a product mainly depends on 
the point of customer interaction in the value chain. Customer interaction at the distribution stage 
decreases the time for the custom product to reach the customer, and its vice vcrsa, for customer 
interaction at the manufacturing stage. Thcrcfore, this identificd that customers seck a high degree 
of product customisation and at reduced lead times. 
With Icad-time being an essential factor in RM and product customisation, the components of lead 
time are found to be many. Those on which this research is concentrating mainly concern 
manufacturing. Manufacturers have attempted to reduce the lead-time involved in manufacturing 
by many methods of which, the need for highly flexible manufacturing systems and sct-up time 
reduction to handle unique product variety is identified as essential. Long Icad-times in 
manufacture particularly affect inventory, therefore, reduction of lead-timcs should result in 
reductions in inventory. With inventory identified as having a detrimental cffcct on lead-timc, 
inventory is yet another factor that needs to be considered in this study. As there are many factors 
involved in inventory reduction, study of all the factors is beyond the scope of this research. 
Tberefore, concentration on inventory is on the fact that reduction in Icad-time correspondingly 
reduces the product inventory involved. As the factors involved in the supply chain arc many, they 
have been narrowed to fit in with the limitations involved in PhD research. The factors considered 
are customisation, lead-time and inventory reduction. 'Mis narrowing of the parameters, along 
with the future-focused research perspective, has identified information system integration as 
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being essential. As a result, the current research work seeks to identify the impact of RM and the 
integral application of e-com on the supply chain. 
Research in this field is incomplete and is likely to be ongoing for a considerable amount of time. 
A great deal of literature is available on the topic and it has not been possible to review all the 
aspects of supply chains. Rather, the current review underlines the key requirements. In doing so, 
it is hoped that useful concepts for analysing the impact of RM have been developed. Tbc main 
purpose has been the identification of suitable supply chain parameters, followed by finding the 
application of the identified parameters together with RM. In this context, this chapter discusses in 
brief the scope and boundaries of the research as well as the areas to be considered in detail and 
the areas of the supply chain that have been neglected. This is followed by the findings of the 
literature review, a detailed review of the research questions and a new set of objectives identified 
in conjunction with the research aim and the earlier research objectives. As a result, the next stage 
focuses on the methods of evaluating the identified parameters and the analysis of RM within them. 
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Chapter 3. Methodology for Future Forecasting 
3.0. Introduction 
In earlier chapter, for achieving the research aim of analysing the potential of RM in the supply 
chain, the selection of a suitable methodology is considered as a specific research ob cctive. In this j 
context, this chapter involves the selection and identification of a relevant future-forecasting 
methodology. 
A suitable method is one that can be used for analysing and determining a future cmerging 
manufacturing system, i. e. a methodology to forecast the future of a manufacturing technology. 
Selection is undergone by a detailed study of methods of predicting the future that can be applied 
within this research work. From the knowledge of prediction methods obtaincd, a careful selection 
was carried out for an appropriate, specific method for predicting the future of RM. Following the 
identification and selection of a suitable method, a brief overview of the selected method is 
provided in this chapter along with the advantages, limitations, and development procedures of the 
method. With forecasting methodology involving a construction procedure, an overview of its 
contents, boundaries and construction procedure are explained. Finally, this chapter givcs an 
overview of the assessment of the identified methodology, thus providing an initiative for the 
following chapters. 
3.1. Methodology for future prediction 
New technologies can carry inuncnse potential for improvement. For example, years ago 
computers were not considered as a potential machine. But, the growth of computers with the 
development of the Internet has greatly increased the potential of computer and information 
technology. Therefore, what dcfines the objective future of a new technology is difficult to 
determine. However, we need a predictive approach to help us assess the capabilities and potential 
of a new technology. With this research directed towards the identification of the future potential 
of RM as an emerging manufacturing technology, and the emerging technology is expected to 
provide potential advantages as, compared to the conventional technology. This is along with 
fitnctional changes in the supply chain. So, given these circumstances, how can the unknown 
domain be reached or, more importantly, how do breakthroughs happen and how can they be 
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anticipated? (Gordon et al., 2005). Similarly, the research objectives aroused following literature 
review require a suitable method to predict the future of RM technology. 
Gordon et al. (2005) describe many methods for predicting future research with diverse techniques 
for theorizing, observing and interpreting the future directions and consequences of so6ictal, 
economic and technological change. With the research requircmcnts bcing to forecast and analyse 
the technology change by RM, identified is the essentiality of theoretical study. Following the 
suitability of theoretical study, the search is for a methodology to identify the future of an 
emerging manufacturing system. 
Firth (1977) defined the application of technological forecasting for these situations. 
Technological forecasting as defined by Firth "is an attempt to measure and predict the rate of 
commercial development of newly emerging manufacturing technologies". Technological 
forecasting methods can be broadly classified into two types, namely, exploratory and normative 
forecasting. Exploratory forecasting is defined as "the attempt to predict the technological state of 
the art that will or might be in the future". It includes techniques like data input, extrapolation of 
time series, learning curves, time-independcnt contextual mapping, morphological approaches, 
scenario writing, qualitative historical analogy, probabilistic exploratory forecasting, economic 
analysis, operational models and exploratory technological forecasting on the aggregated level 
(Jantsch, 2007). Normative forecasting is claimed to 'fibrecast the capabilities that will be 
available on the assumption that needs will be met" (Firth, 1977). It includes techniques like, 
horizontal and vertical decision matrices, simple techniques for project selection based on an 
operation research and decision theory approach, integrated decision schemes based on relevance 
trees, applications of network techniques, operational models and systems analysis. As defined by 
Roberts (1969), the full potential of technological forecasting is achieved only when both 
exploratory (opportunities) and normative (needs and desires) forecasting technologies are adopted 
together. 
As the techniques of technology forecasting are many, Mishra et al (2002) described the selection 
of a suitable technological forecasting technique for a problem from the widely available methods. 
They described the requirement of assessing the problem context within the preliminary areas. 
This includes, using a simple verbal scale to assess the extent of data availability, the degree of 
data availability, the number of variables affecting technology development and the degree of 
similarity between proposed and existing methods. This identified that the precise availability of 
quantitative / qualitative data about the future of RM is small. As a wide range of literature 
discusses the general functionality of RM, but little of it concerns the application of RM on supply 
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chain. Following the above theme of assessment and according to Mishra et at (2002), these 
factors of data and degree of data availability identified Delphi and scenario methods as being 
suitable. 
The Delphi method is an approach used in forecasting the likelihood and timing of future events. 
This method is applicable to situations that have little historical data or more external factors. The 
most important prerequisite for using the Delphi method is that, all participants should be experts 
in a given aspect of the proposed technology. Concerning the lack of historical data on RM and the 
means of cost reduction in this research, the Delphi mcthod is eliminated. However, a 
technological forecasting technique may be able to make bcttcr predictions in this situation; as a 
result the scenarios approach is considered. Further, it is evident from numerous authors' work that 
the scenarios method is suitable for analysing emerging technology systems (Schoemaker, 1993 
and Ratcliffe, 1999). Having selected a suitable technique, the next section discusses the scenarios 
methodology in detail. 
3.2. Scenarios 
They Believed 
"Heavier than airfl)lng machines are impossible " 
Lord Kelvin, British mathematician Physicist and president ofBritish Royal Society, 1895. 
"Aere is no reasonfor any Individual to have computers In their home 
Ken Olson, president, Digital Equipment Corporation, 19 77 
Scenario planning is a qualitative methodology of a strategic planning technique (Dyson, 1992 and 
Ringland, 1998). Detailed by Schnaars (1987), these are the thought experiments applied for 
"history-less" situations and in areas of high uncertainty. As it is studied and applied by numerous 
authors and decision-makers, it holds multiple definitions (Rhyne, 1974). One of the recent 
definitions is that a "scenario Is an attempt to draw instruction from a process of hypothetical 
reasoning that proceeds by drawing out the consequences of a hypothesis which, although ... 
anchored in well establishedfacts, refers to future (i. e. possible) developments. 7hus it consists In 
reasoning from a supposition whose truth status Is uncertain, but is assumed provisionally as 
certain, in the interests of developing a broader image of its implications, consequences and 
assumptions" (Aligica, 2005). Ratcliffe (1999) shortens this to claim that, these are neither 
prediction nor forecasts, but simply imaginative projections of a potential future. 
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Historically, scenario planning was developed by Herman Kahn in the 1950's in the RAND 
corporation for military studies, widely used by Royal Dutch / Shell during the 1970s and later 
followed by the Fortune 500 companies (Gauscmeier et al., 1998 and Ratcliffe, 1999). Although 
scenario planning was initially recognised as a qualitative method of forecasting (Schnaars, 1992), 
Ringland (1998) later argued that it was suitable for use with both qualitative and quantitative 
methods. In context, scenarios lies between the Delphi method and science fiction and have been 
used by management scientists as an unrivalled technique for strategic decision-making and to 
weigh the consequences of their actions (Enserink, 2000). In particular, they have been used to 
foresee the future of technological development when industry is to expect a change (Schoemaker, 
1995 and Godett, 2000). With the above identified relevance and suitability of application within 
the current research, scenarios are adopted optimistically to identify the potential impact of RM on 
supply chains. 
3.2.1. Advantages of scenarios 
Analyzing scenario technique comparatively, Schnaars (1992) identified it as an accurate 
forecasting technique and detailed its advantages, namely: scenarios provide a contextual 
description within a qualitative method of how the present wiJI evolve into the future. Secondly, it 
tries to identify a set of possible futures, each of whose occurrences is not assured. Finally, these 
projected futures could be applied at situations where the primarily affected factors are easily 
identified but difficult to predict. 
Detailed below is a group of advantages of scenarios from various authors (Jarke et al., 1998, 
Ratcliffe, 2002, Harries, 2003 and Aligica, 2005) namely; 
- Looks into the future for raising issues, when levels of uncertainty and complexity are 
high. 
- Highlights the dangers, alternatives and choices that need to be considcred before the 
situation. 
- Focuses on critical issues for the future without requiring a complete description of 
the old or new system. 
- Used to obtain a realistic picture of possible future developments in an area where 
discontinuities and changing trends may emerge as a result of specific event and 
actions. 
- Publicise the emerging picture of the medium-tcrm future in order to involve the 
public in the decision-making process. 
- Facilitates the development of social innovations. 
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- Helps people to become genuinely empowered to participate in creating the future. 
- Helps organisations to evolve in response to the changing global and local outlook. 
- Scenarios can be used by non-experts to view and forecast the future. 
- In the real world, scenarios provided a number of benefits to various industries. 
3.2.2. Limitations of scenarios 
Despite the above-mentioned advantages, scenarios have some particular limitations. Grouped and 
detailed below arc the limitations from various sources of texts (Schnaars, 1992, Schoemaker, 
1995, Jarke et al., 1998, Ringland, 1998, Ratcliffe, 1999 and Poswna and Franz, 2005): 
- In the absence of a structured method for scenario generation, the developed scenarios 
involve various discrepancies and inconsistency. 
- As scenarios are aimed at predetermined activities and uncertainties without any 
methodological procedure, they rcsult in problems and probabilitics. 
- The applicability of scenario-bascd techniques within an established organisation is 
not clearly known. 
- Ilere is no available definite method for testing the generated scenarios. 
- There is no identified or proposed technique to improve the fit of a sccnario. 
- Absence of accurate future forecasting design leads to improper decisions on 
generated scenarios. 
- As scenarios involve human cognitive views, it can be viewed to any extent. 
- Similar to business models, scenarios do not provide an overall model. 
- Unless the forecaster maintains a firm basis in reality, developed scenarios may be 
morc of a fantasy Om a forccast. 
- As scenarios integrate both qualitative and the quantitative infonnation, the degree of 
integmtion of both is requircd. 
3.3. Development of scenarios 
As detailed by Ascher (1979), Schnaars; (1992) and Schoemaker (1995), scenario development is a 
subjective storyline building process with a specific theme and scope. It is identified from the 
literature that being a future study with varying needs of exploration, there is no specific procedure 
for scenario development (Ringland, 1998 and Ratcliffe, 1999). In general, scenario development 
is an art rather tim a science as explained by Jarkc (1999). Scenarios arc developed from the 
current state projecting into the future, thinking about possible occurrences, assumptions relating 
to these occurrences, possible opportunities, risks and courses of action (Postama and Franz, 2005). 
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As scenario development is a cognitive process by a scenarist, it involves back and forth 
movements during generation (Aligica, 2005). Although there is no unique forecasting method that 
could be relied upon, the goal is to develop systems that meet the needs of the organisation both 
functionally and in terms of cffect (Harker and Eason, 1999). Ratcliffe (1999) claims that the 
prime aim of the scenarist is to detect and explore all, or as many as possible, alternatives. With 
the background knowledge of scenarios, the following section discusses in detail the procedure for 
generating scenarios. 
3.3.1. Procedure for scenario generation 
According to Ratcliffe (1999), scenario building is an instrument that aids dccision-makcrs by 
providing a context for planning, programming, lowering the level of uncertainty and raising the 
level of knowledge in relation to the consequence of actions. Scenarios have been studied by many 
researchers and there are several approaches for constructing scenarios documented in the 
literature. For instance, Rhyne (1974) described the Field Anomaly Relaxation method involving a 
four-stcp cycle with certain limitations on parameters. Mitchell et aL (1979) analysing the 
problems and issues from earlier works, detailed the different scenario generation techniques. 
These mathematical techniques involve a probabilistic approach to the previously available 
numerical data to construct a projection of the future. Following this, Ascher (1979), on realizing 
the individual forecasting approach for the generation of scenarios, detailed the irrelevance of 
methodological scenario development approach with respect to the accuracy of the results. Ascher 
(1979) concluded that the methodology depends on the core of assumption lying behind 
forecasting, and it is difficult to generate a common methodology about a person's judgment 
involving extrapolations or correlations in scenario development. Concentrating on methodology, 
Schnaars' (1992) analysis of several scenario generation methods, identified methodology as being 
of low importance. Schnaars (1992) claimed that there is no certain procedure to follow for 
scenario generation. He believed that the most important part is to simply think about the problem 
and engage in a systematic conjecture. 
Identifying the relevance of scenarios in future forecasting with cognitive perception and thinking 
(Jarkc et al., 1998), Schoemaker (1993) detailed a description of the generation of scenarios. His 
description involved a starting procedure with a fixed timeframe for scenario development and a 
concluding procedure of decision analysis for the narrated scenarios (Schoemaker, 1995). 
Schoemaker (1993) emphasized the development of multiple scenarios as a means for seeing the 
potential future. As there is a necessity for the future forecasting of requirements in industries, this 
method of developing multiple scenarios has been very widely used in industries. Alternatively, 
41 
Chapter 3 
Ringland (1998) identified the different methods of developing scenarios adopted by organisations, 
namely, the Battelle Institute (BASICS), the Copenhagen Institute for Future Studies (the Futures 
Game), the European Commission (Shaping Factors-Shaping Actors), the Futures Group (the 
Fundamental Planning Method), Northeast Consulting Resources (the Future Mapping Method) 
and Stanford Research Institute (Scenario-Bascd Strategy Development), most of which had some 
common features that emerged from Shell's scenario generation procedure. Throughout these 
methods there is no real standardized process and many differences can be observed between 
various approaches. The only common factor appears to be some basic structure. Ratcliffe (1999) 
vividly detailed the procedure to be adopted for sccnario development: 
1. Scenarios should focus on the needs of some common issue, strategy or plan. 
2. Scenarios should be logically structured and internally consistent. 
3. Processes should be highly flexible and capable of adaptation. 
4. There should be high degree of ownership in the final end product. 
Adopting the above common lines of scenario generation, the focus is to construct scenarios in a 
future-forward manner i. e. with an analysis of present trends (datum for the future) and the 
significant futures being viewed (Ratcliffe, 1999). Concentrating on the research context, since the 
supply chain is a macro area, scenarios arc to be constructed using a macro approach. With the 
general lines of scenario generation, the widely used approach of generating a plausible set of 
multiple scenarios and reducing them from a large number to a smaller number is adopted 
(Schnaars, 1992). Further, as this is multiple scenarios approach, caution has to be exercised to 
avoid drafting several scenarios with only slight variations of theme (Ratcliffe, 1999). 
Referring to the research context, working on an uncertain future, the widely accepted objective 
and subjective approaches to identifying trends, issues and events are adopted as scenario inputs 
(Enserink, 2000, Postama and Franz, 2005). The theoretical analysis of the literature within the 
focused areas is utilised to develop scenarios which blend cognitive mental simulation according 
to the principles and logic set out. Initially, a serni formal model is followed by a detailed model of 
the scenarios that have been generated (Jarkc et al., 1998). Progressing to further scenario 
generation, every new scenario adopts a similar procedure to refine and utilisc the theory that has 
already been built and refined during the evaluation process. Since scenario generation is an 
iterative process; some theories are built as designs for abstract scenarios. Here, generation is 
limited to a selection of the scenarios produced since the purpose is not to explore all the 
possibilities (Schoemaker, 1995). 
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Following the development of scenarios, some form of representation is required. Although 
various forms of representation are available, e. g. text, diagrams, video, drania and role play 
(Harker and Eason., 1999), in accordance with the research requirements, representation by 
process maps or sequence diagrams with text-based descriptions is selected from tile available 
methods (Jarke el al., 1999 and Aligica, 2005). As the procedure and methods for representing the 
scenario are vivid, the following section discusses the contents of the scenarios in detail. 
3.3.2. Content of scenarios 
In a broader context, scenarios arc pro jectcd within thi-ce major arcas in con. junction with dic 
research, namely-, RM, the supply chain and e-corn. Referring to figure 3.1, scenario generation 
uses a blend of two aspects namely, viewing the present facts through literature and with the 
parallel focus on the future and maintaining a cognitive inewal simulation approach (Aligica, 
2005). Some key influential factors identified through the literature arc projected. Refcrring to 
figure 3.1, the prq1cction is from the present to the future in ordcr to see the Cunctional cap. ibilitics 
oftlic futtirc. 
Figure 3.1 Macro scenario contents 
wRapid r1mmifaotiii 
eSupply chain 
.t I) w; iII., ss 
I(Inctionai 
capability 
Present Filtme 
It has been emphasized by Schnaars ( 1992) and Gausemcier et al. ( 1999) that too mativ Eactors 
would lead to speculation. As a result exploration Is limited within a certain number of paranietcrs. 
Exploration is to identify whether RM can improve custorrusation, reduce lead-tune and the 
inventory of manufacturing and distribution, which are considered as kev Cactors in scenario 
construction. 
Table 3.1 represents the essential factors involved in scenarios generation. The key factors or the 
research focused parameters are those which are essentially used in all the scenarios. With the 
need for scenario construction Nvith a specific flow line / operational characteristics, scenarios arc 
constructed with reference to the value chain perspective. Therefore, structural factors arc those 
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which includes the factors in the value chain perspective. Following the focus oil key and 
structural factors is the technical factors. These are the factors which constitute a boundarv for 
scenario construction. The macro level technical factors considered for scenario construction are 
detailed in table below. A detailed explanation incorporating these parameters is provided in 
Sections 5.3 to 5.7, where, by varying the level of adoption ofthcsc factors specific scenarios call 
be generated. 
Table 3.1 Factors involved in scenario construction 
Key factors 
Custornisation 
Lead time reduction 
" Inventory reduction 
" Customer order Structural factors Custornisation / Product design 
Customer / Manufacturer in product manufacture 
End product distribution 
3d party logistics Manufacturing Supply chain Technical factors Outsourcing structure 
Manufacturer network a Dernaterialisation 
0 E-com application 
3.3.3. Boundaries of scenarios 
As seen above utilising the contents, the scenarios arc generated within specific boundaries When 
the time framc is essential as the focus of prq'cction and with rct'erclicc to the rescarch alln, 
technology change as a factor of time span is considered (Schoemaker, 1995). 'I'lius the titne span 
between the invention or availability of a suitable technological coil figu rat loll and the 
commencement of full-scale development is considered (Jantsch, 2007). 
Following the time frame, the alternative requirement is the level of'sccnario projection On this 
theme, Aligicia (2005) detailed the possibility of constructing scenarios only within narrow data 
and the focus of the research contents. On other hand, as explained by RatchIlIc ( 1999), 
development of micro-level scenarios which outline functionality will increase the uncertainty 
levels of future projections. As a result, the aim of this work is to generate niacro-lcvcl scenarios 
to reduce uncertainty levels that would arise due to micro level pro. 1cctions. This is along with a 
focus on multiple scenario generation, taking care that no scenario causes another to abort. divert. 
degrade or stall (Radzius, 2004). The development ofinultiple scenarios is limited, Collowing the 
brief section detailing the quantity of multiple scenarios. 
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3.3.4. Number of scenarios 
As claimed by Rhyne (1974) scenario analysis differs from other approaches of forecasting in two 
important ways. First it usually provides a more qualitative and contextual description of how the 
present will evolve into the future, rather than one that seeks numerical precision. Secondly, 
scenario analysis usually tries to identify a set of alternative possible futures, each of whose 
occurrences is plausible, but not assured. This combination of offering more than one forecast and 
offering it in the form of a narrative is deemed by advocates to be a more reasonable approach than 
trying to predict one single future (Mitchell et al., 1979, Schnaars, 1992, Schoemaker, 1995, 
Postama and Franz, 2005). On the same, briefed by Rhyne (1974), this need for alternative / 
multiple scenario generation provides a wide spread of alternatives exploring the field plausibility 
for effective identification of suitability. 
As the future being uncertain with no agreed structures, any number of possible scenarios can be 
generated (Mitchell et al., 1979). But, the generation of a higher number of uncertain alternatives 
leads to poor selection of alternative scenario or dccision-making on scenarios as detailed by 
authors (White, 1969, Schnaars, 1992, Godctt, 2000). As a result, prognostic instruments were 
adopted after the 1970s to view multiple scenarios (Gauscmcicr et al., 1998). With the purpose 
being not to cover all the possibilities but to circumscribe them, non- procedural approaches were 
adopted in narrowing the scenarios (Schnaars, 1992). One such narrowing procedure uses the 
inductive approach, since it combines all the factors for consideration. On this theme, Ratcliffe 
(1999) identified few convergence factors, namely, challenge, plausibility and differentiated 
decision-making utility. The ultimate postulate is to generate a wide number of alternative 
scenarios and then to narrow them down to a limited number (Schnaars, 1992). 
Schnaars (1992), analysing the work beginning with Zenter (1975) until Becker (1983) concerning 
the number of scenarios that could be quantified, found a range of two to six with a consensus 
agreement of two or three. Schnaars (1992) concluded that, as it is difficult to determine two or 
three in number, the best way to decide probably depends on the specific application. Following 
this, Schoemaker (1995) concentrates on the number of scenarios, identified through Royal Dutch 
/ Shell as working with two to four scenarios with multiple themes as the best way of working on 
scenarios. On the same context, Gausemeicr et aL (1998) later emphasized the necessity of 
developing two or three macro level scenarios. Concluding with the number of scenarios and with 
the necessity of alternative scenarios for analysis of the future, the following sections consider 
sccnario-based decision-making. 
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3.4. Assessment of scenarios 
Before progressing to the selection of a suitable scenario an analysis of the individual scenario is 
required (Schoemaker, 1995). This is because each scenario holds its individual potential and each 
has certain capabilities. Tberefore, before selection, the identification of the potential of each 
individual scenario is required (Schoemaker, 1995, Ringland, 1998 and Ratcliffe, 2002). In this 
context, several methods for the analysis of scenarios were generated. The available scenario- 
based assessment methods are field investigations, historical surveys, pattern discovery, public 
hearings, surveys, expert panels, the Delphi technique, gaming, brainstorming, check lists, 
morphological analysis, cross impact analysis, imaging, science fiction, trend analysis and 
extrapolation, projections, regressions, growth curves, correlation methods, systems analysis, 
modelling, technology assessment, cost benefit analysis, risk analysis, decision trees and relevance 
trees (Jarke et al., 1998 and Ratcliffe, 1999). But, the widely adopted decision analysis method 
was through an iterative comparison process. In this method, scenarios are compared with one 
another and the best suitable scenario is identified (Schoemaker, 1995, Gauscmcicr et al., 1998, 
Jarkc et al., 1998, Harker and Eason, 1999 and Harries, 2003). 
When there is no real measure of validation, nothing to compare, no statistics for the future and for 
situations where personal judgment is often the only information available to deal with the 
unknown, Godett (2000) cmphasised the necessity of gathering other people's opinions before 
forming one's own, and then to introduce the subjective probabilities. Similarly, Ratcliffe (1999) 
detailed the technologies for scenario analysis, namely, investigations, historical analysis, the 
Delphi technique, brainstorming, cross-impact analysis, trend analysis, science fiction, system 
analysis, modelling, cost-benefit analysis, growth curves and risk analysis. Tbcre is much literature 
in which case studies, experimental analysis, numerical analysis, expert judgment and decision 
tree analysis have been used to analyze scenarios. Following which, Harkct and Eason (1999) 
detailed the application of the questionnaire method to obtain views about scenarios. 
As the comparison of scenarios is a widely adopted method, Schoemaker (1995) adopted a 
software-based comparison system for the evaluation of scenarios. Tbrough this method of 
identification, one suitable scenario was made through varying the degrees of functionality 
requirement. As Schoemaker's (1995) method could not be used for a wide application of scenario 
analysis, Clare (2003) detailed sccnario-bascd decision analysis measures, namely; decision- 
making on intuition (subjective measures of satisfaction), process or outcome compared with 
another set of rules, evaluation through logical reasoning, simulations and experiments and finally 
through actual behaviour (Harries, 2003). 
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Athanassopoulos et at (1999) analysed alternative scenarios using the numerical method of 
parametric analysis. By this method, scenarios are numerically evaluated against one another and 
scenario selection is undergone. Moreover, this method has been identified as suitable for 
situations involving numerical data with the developed scenarios. Hanics (2003), working on 
scenario analysis, detailed the approach of using case-study methods to identify a suitable 
scenario. This approach is relevant for situations having an immediate potential to use the 
scenarios. Harker and Eason (1999), in the context of working on scenario evaluation, detailed the 
approach of scenario evaluation by expert judgement. They described the necessity of evaluating 
the scenarios by experts or by a group, and the methods of involving expert judgement are many. 
Jarke et at (1999) described the method of scenario comparison as a suitable evaluation method. 
Identifying scenario comparison as the optimum approach for the selection of a suitable scenario, 
Jarkc concluded that any technique could be used to compare the scenarios. With the current 
situation involving lack of data, pair-wise comparison is identified to be suitable. 
3.4.1. Selection of a suitable scenario 
Technological forecasting involves a combination of normative and exploratory forecasting 
techniques. Following the application of exploratory techniques (scenarios), technological 
forecasting is followed with the application of normative techniques. As there are many normative 
techniques the application of a suitable technique with reference to the context of exploration is 
required. By developing exploratory techniques, scenarios can be focused furthcr. It has bccn 
identified that technological scenarios involving a scientific breakthrough end with alternative 
scenarios (Ascher, 1979). Although the selection of all the scenarios is impossible, the rcquirement 
is the identification of a single suitable scenario. At this juncture a decision process to identify a 
suitable scenario is required (Schoemaker, 1993 and Aligica, 2005). Despite the developed 
scenarios being of a heterogeneous class, not all function in the same way, not all scenarios seek to 
do the same thing and not all have a similar structure. Ibis problem context, identified the 
suitability of exploratory techniques like integrated decision schemes and systems analysis 
(Jantsch, 2007). 
Narrowing further, identified from numerous authors' work is the utilisation of a decision analysis 
system (Schnaars, 1992, Schoemaker, 1995 and Gausemeier et al., 1998). With scenarios 
involving both qualitative and quantitative objectives, methodologies varied to different degrees 
(Harries, 2003). Various methods, such as computer-bascd methods, the combinatorial explosive 
approach through decision theory, mathematical modelling etc were used for decision analysis 
(Mitchell et al., 1979 and Jarke et al., 1998). Finally upon analysis, Clare (2003) concluded that 
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scenario-based decision analysis systems are still under development. Realising the difficulties 
involved in qualitative approaches to decision-making, Postma, and Licbl (2005) detailed the 
necessity for quantitative approaches to be involved in decision making on scenarios. 
From the wide range of viable alternatives, several of the most widcly-uscd solutions incorporate 
the application of multi-criteria evaluation methods including Analytic Hierarchy Process (AHP), 
Bayesian Analysis (BA), multiattribute utility value theory (MAU(V)T) and out-ranking methods 
(Cho, 2003). Cho (2003), working on identifying the suitable methods, dcscribcd the application 
of AHP as a suitable method for the situations of uncertainty and where there are ccrtain 
alternatives for analysis. On the same theme, focusing on the research pcrspective of decision 
analysis for scenarios, the application of AHP as a suitable multi-criterion decision analysis system 
is identified (Cziner et al., 2005). Further, a widely-used approach for the evaluation and 
comparison of alternative scenarios is sensitivity analysis (Schocmakcr, 1995, Jarkc et al., 1998, 
Godett, 2000 and Postama and Franz, 2005). Identification of the above facts, defined the 
suitability of the AHP method along with sensitivity analysis as being able to identify suitable 
scenarios. However, AHP is complicated to operate and requires computers to achieve useful 
results (Ossadnik and Oliver, 1999, Cho, 2003). Therefore the need is to develop an user friendly 
decision analysis system. 
The above discussion on identifying a suitable methodology brought forward some objectives 
along with the early formulated objectives (Sections 1.2 and 2.9), that need to be met from the 
methodological and development perspective, namely: 
6. Comparison of scenarios is found to be essential, and for scenario-bascd evaluation, 
widely used expert judgment of scenarios is identified as important. Although the methods 
of obtaining expert judgment are many, the need is for a suitable methodology to obtain 
expert judgments. 
7. As seen through this chapter, identification and application of a suitable, simplcr, decision 
analysis method for scenario-bascd evaluation is essential. 'Mcreforc, the need is for the 
development and testing of a decision-analysis system to identify suitable supply chain 
structures for RM application. 
8. 'Me validation of the developed decision analysis system and the suitability of the 
developed supply chain structures adopting RM is required. On the same theme, a 
methodology to validate and find applicable scenarios is required. 
In order of arriving the above set of objectives, the following chapter discusses the possible 
methodologies that could be applied in this research context in detail. 
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3.5. Summary 
The search for a methodology to forecast RM identified the suitability of technological forecasting. 
An in-depth study of technology forecasting methods suggested the suitability of utilising the 
combined exploratory and normative methods to identify the application of a suitable technique. 
Progressing from exploratory to normative methods, scenarios technique was identified to be the 
most appropriate technique amongst a range of options. Numerous authors had identified their 
suitability and applied them in various situations. 'Mcir advantages, disadvantages and procedure 
for generation are studied. With no available common method available for scenario generation, 
the guidelines developed by several authors arc studied through the literature. One such specific 
guideline identified is the necessity of contents to be involved in scenario generation. As there is 
no limit for scenarios to focus, the boundaries of scenarios are limited. Tbc focus of scenarios is at 
the macro level since development at the micro level leads to difficulties. Since it is possible to 
develop any number of scenarios, the consensus agreement on the number of scenarios as two or 
three is considered. 
As the focus is with the utilisation of combined exploratory and normative methods for technology 
forecasting, utilising the exploratory technique, work progress is towards utilisation of normative 
technique, Seen through earlier Sections, that not all the developed scenarios can be used. 
Therefore, required is the assessment of individual scenario to identify the applicability of a 
scenario. Several methods of assessment arc available, however, with the lack of applicable data, 
comparing of one scenario against another was identified as a suitable method of assessment. 
Following comparison of scenarios, it is required to identify one suitable scenario. This could be 
done only with the application of a suitable decision analysis system. 
Therefore, resolving the objectives of identifying a suitable methodology to project the fidure of 
RM and a methodology to develop suitable supply chain structures to study the impact of RM in 
supply chains added another set of objectives to arrive at the research aim. Namcly; a methodology 
to obtain judgements on scenarios, the need for decision analysis and the validation of the 
developed decision analysis system. In this context, the following chapter is to identify a suitable 
methodology to compare scenarios and obtain the data on scenarios. It also discusses in detail the 
methodology involved for studying the potential of RM. 
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Chapter 4. Research Methodology 
4.0. Introduction 
In general, research begins with the researcher's interest in solving a particular issue or problem by 
becoming acquainted with the surrounding facts (Robson, 1993). 'T'his research is a future-based 
study with the objective of identifying the potential impact of RM on the supply chain. 'nc best 
strategy was to begin with a literature review as conducted in chaptcr-2. Where, chaptcr-2, 
collected, organised and summariscd the materials relevant to the research study. Certain initial 
research objectives like the identification of potential areas in the supply chain for investigation 
and supply chain performance improvement parameters that would bcncfit by RM, are defincd. 
Meeting those research objectives brought forward some research questions and identified a new 
set of objectives. Namely, a methodology to be used to investigate the future of RM in supply 
chains and the development of suitable supply chain structures. 
Following this theoretical study, chapter 3 identified the preliminary methodology to conduct the 
research into future-focused issues and justified the specific research direction. Focusing further on 
methodology, this chapter initially provides an overview of how others have tackled this from a 
technological forecasting perspective. This is followed by a discussion on the general issues of the 
research design, further outlining and justifying the adopted research methodology. T1c suitability 
of the scenarios method for projecting the future application of RM is identified. With the analysis 
relating to the future, care is required to reduce error in future prediction by reducing the 
subjectivity and increasing the objectivity of the research. 7111crefore, this highlighted some 
objectives to be followed to meet the research aim, namely a methodology to obtain expert 
opinions on scenarios, a decision system for selecting appropriate scenario and finally testing and 
validation of the decision analysis method. In general for future predicted research work, a major 
research gap exists with the unavailability of a standard research methodology. The requirement is 
to identify and validate such a suitable research method. 
Following the groundwork, this chapter discusses the general issues of research design, outlining 
and justifying the research methodology. It describes how research methodology is designed to 
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answer the research questions and meet the objectives, finally outlining and justifying the choices 
made. Specifically, this chapter describes the various procedures by which the research is carried 
out, such as the formulation of the research desiM alternative methods that might be used in this 
research, current research design, the design of a questionnaire, the data collection procedure and 
issues of reliability and validity. On other hand, alternative research methodologies are studied / 
evaluated and the basis of the selection of the methodology is specified. Benefits and limitations of 
the chosen research methodology are then discussed in detail. The basic consequences of the 
methodological choices made are outlined in terms of the reliability and validity of the research 
findings. Typically, a detailed step-by-step methodological consideration is explained, which 
describes the procedure adopted for each step in the formulation of the research design. 
4.1. Research design 
'Me role of the research design is to explain how the research questions will be connected to the 
data, and the tools / procedures that will be used in answering them. The basic plan involves 
empirical research, which includes main ideas, sample, tools and procedure for collecting 
analysing and validating the data (Tashakkori and Teddlic, 1998). As the research design must 
follow from questions and fit with the data, specific measures arc followed to obtain the fit 
between questions and data. A brief study is undertaken to obtain a basic knowledge about various 
research strategies before progressing to the identification of a suitable research methodology. 
Believed by Smith et al. (2002), management research is different from other disciplines such as 
sociology, education and psychology because, management research poses some unusual problems 
which arc not often encountered in the broader social sciences. As a result, in order of formulating 
the research design, initial focus is on the research methods proposed for management research. 
This is followed by appropriate research methods proposed by other disciplines. 
When it comes to the question of identifying a suitable research design in management research, 
the search through literature is for an appropriate research design / methodology. This search for 
formulating a research design identified different approaches. Smith et al. (2002) referring to the 
debates among scientists as well as social scientists mentioned the methodological choices suitable 
for management research. They prepared a stage by stage distillation approach that can be used by 
management researchers. Table 4.1 details the definitions and stages involved in selecting a 
suitable research design. 
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Table 4.1 Ontology, epistemology, methodology and method 
(adopted from (Smith et aL, 2002)) 
Ontology Assumptions that we make about the nature of reality 
Epistemology General set of assumptions about the best ways of Inquiring 
Into the nature of the world 
Methodology Combination of techniques used to enquire Into a specific 
situation 
Methods Individual techniques for data collection, analysis, etc. 
As the approach developed by Smith et al. (2002), lacked in providing the network or possible 
research design path this was further devclopcd by Beech (2005). Figure 4.1 provides an explicit 
research design map providing the network of methodological choices. TIough the developed 
research design map provided the flow / selection of methodological choices, this overlooked 
Smith et al. (2002) claim of overlap between ontological positions with the epistemological 
positions 
Figure 4.1 Research design map (adopted from (Beech, 2005)) 
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Referring to figure 4.1 it could be seen that the choice of sclecting a research design is dependent 
on the ontological position. Namely; objectivity or subjectivity, where objectivity is dcfincd as 
" avoidance of bias and subjective selection during the conduct and reporting of research In some 
research philosophies the researcher will recognise that interpretation is likely to be related to a 
set of values and therefore will attempt to recognise and explore this". On other hand, subjectivity 
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refers to " the property ofperceptions, arguments and language as being based in a subject's point 
of view and hence influenced in accordance with a particular bias" (Singleton et al., 1988). This 
objective or subjective mturc of research briefed by Ilictart et al. (1999) that, it fonns a divisive 
line between quantitative or qualitative approaches. Concisely, objectivity relates to quantitative 
research approach while, subjectivity relates to qualitative research (Vaus, 2001). In context, 
although different authors proposed different approaches in formulating the rcscarch design, their 
main emphasis was dependent on the approach to be adopted i. e. qualitative, quantitative methods 
or combination of qualitative and quantitative (mixed methods). 
4.1.1. Strategies of enquiry 
At the point of strategic research decision, three types of data collection, analysis and 
interpretation are distinguished. The first is the quantitative (concerned with measurement and 
analysis of relationships between variables, rather than processes), which emerged during the late 
19th and throughout the 20'h century. 'Mcse include pure experiments and moderately rigorous 
experiments, called quasi-expcrimcnts, and co-relational studies (Campbell and Stanley, 1963). 
More recently, when discussing quantitative studies, Creswell (2003) detailed the involved 
complex experiments with several variables and treatments. Typically, the quantitative research 
approach begins with the hypothesis development from theory which requires testing that is 
usually done through experimentation. Therefore, this method is commonly used at situations 
where measurable information is required (Newman and Benz, 1998). 
The second category is qualitative analysis (examining the content, context and meaning of 
processes in an exploratory fashion) which became more visible in the 1990's (Creswell, 2003). 
This involves simultaneous data collection and analysis. This research approach is suitable for 
research which has not yet attained a quantifiable form. This is detailed by Miles and Hubcnnann, 
(1994) as being applicable to investigations associated with "life" and the concept issues of 
individuals or organisations involving non-quantifiable matters. According to Newman and Benz 
(1998), these qualitative research methods are generally subsumed under ethnography. Other 
headings and names include case studies, field studies, naturalistic inquiry, observational studies, 
interviews and descriptive studies. Concentrating on the selection of a suitable method from the 
widely available qualitative research approaches, Maxwell (1996) emphasized the unavailability of 
a "cook book" for doing qualitative research. He elaborated that appropriate selection depends 
upon the particular research question and research objective. Specifically, qualitative research 
offers the researcher an opportunity to probe and follow different lines of enquiry because it is 
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generally more flexible than quantitative research which, typically, requires answers at particular 
times and in specific ways. 
At this juncture, when a methodology needs to be selected, the debate begins between qualitative 
and quantitative. Selection of qualitative or quantitative embodies a variety of assumptions 
regarding the nature of knowledge and the methods through which knowledge can be obtained. 
Further, this selection provides the root assumptions about the nature of the phenomena to be 
investigated (Tashakkori and Tcddlic, 1998). Many studies begin to find the basics (qualitative) 
after knowing the question of what to ask which then extends into the quantitative. Both the 
methods have their unique emphasis and benefits (Creswell, 2003). As a result, there is no 
paradigm of either being better. The method selected should be the "one that serves to answer the 
specific research question" (Newman and Benz, 1998). 
Each methodology has its own set of possibilities and difficulties which make it possible to 
develop a research method. Identified from the literature, many researchers have overlapped 
techniques like the questionnaire with responses of both qualitative and quantitative natures. In 
certain cases, researchers quantify qualitative data, for cxample, coding concepts from interviews 
and surveys in a manner suitable for statistical analysis. On the other hand, rcs=chcrs also qualify 
quantitative data, for example, using quotes from complementary dialogue to support statistical 
data. These issues raise the third category of mixed methods or triangulation. This concept 
originated during 1959, when Campbell and Fiske used such a multi-method to study 
psychological traits (Creswell, 2003). This methodological concept later prompted others to n-dx 
approaches in which field methods, such as interviews, (qualitative) were combined with 
traditional surveys (quantitative) (Tashakkori and Teddlie, 1998). Alternatively, one method is 
nested with the other to provide insights into different levels of analysis. 
Triangulation is to employ both the research methods concentrated to gather and interpret data to 
study the same phenomenon. 17he fundamentals of triangulation are that different measures or 
methodologies are complementary to each other with the weakness of one methodology being 
overcome by the strengths of the other or Wce versa. Therefore, triangulation can improve internal 
and external validity (Tashakkori and Tcddlie, 1998) by providing confidence in results and 
reducing bias by providing reliable findings. There arc five types of triangulation namcly; 
triangulation based on information gathered, methodological triangulation, triangulation of 
theories, research triangulation and finally data type (Yin, 1984). However in this research work, 
methodological triangulation involving the complex process of utilising each method is adopted so 
as to minimisc the validity of the field cfforts. A detailed view of the application of 
54 
Chapter 4 
methodological triangulation is demonstrated in further sections. With the above body of 
knowledge on various research methodologies, the following sections discuss the methodologies 
applied in this research. 
4.2. Problem derinition 
As a clear understanding of the problem will aid in identifying a suitable methodology, this section 
discusses the context of the problem to be evaluated. As detailed by Schnaars (1992), the 
developed qualitative focus-bascd scenarios need to be compared and evaluated by experts. As 
comparative decision analysis has to focus on a future state with no currently available data, it is 
subject to uncertainty. At this juncture, Miller's model for uncertain situations is considered 
(White, 1969); this cmphasiscs the importance of making a comparison with a common factor. As 
there is nothing to compare or no measure of what would occur (Harries, 2003), the widely used 
method of comparing scenarios against one another with respect to a common factor is used. 
Figure 4.2 Model of expert Involved in evaluating scenarios 
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Evaluation of one suitable alternative (scenario) is with respect to its individual events (functions). 
From the results of the analysis obtained and according to the requirement, one suitable alternative 
(scenario) is identified. Discussing the context of the comparison of alternatives, White (1969) 
detailed the application of a set of established criteria, which act as a common parameter, for 
comparing the alternatives. This method of preferring criteria for measurement is a widely 
accepted method (Suwignjo et al., 2000 and Bititci et al., 2001). Involving a similar procedure for 
measuring scenarios, common factors (criteria and fimctionality of scenarios) arc used and 
scenarios are ranked and an attribute decision table is populated. The measurement of scenarios 
takes place by the application of qualitative indices (grades or scores). This is because the 
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comparison is to provide a specific measure of the scenarios. Figure 4.2 details a modelled sketch 
for expert involved quantitative data analysis (questionnaire involving external views) procedure. 
Summarised by Vrecker et al (2002), no single assessment or evaluation method can satisfactorily 
evaluate all complex aspects. Choice of assessment method depends on problem features, the aim 
of the analysis and the available information in the current evaluation. As seen earlier, a standard 
way to make decisions is to use pair-wise comparison of alternatives, i. e. a direct comparison with 
respect to individual criteria. The major advantage involved is that they avoid the complicated 
issues associated by simultaneously considering several alternatives. On the other hand, this also 
includes the disadvantage of misleading conclusions caused by introducing significant cffors into 
the decision process. Discussing the advantages of the pair-wise comparison method, Zhang et aL 
(2004) cxpWncd its allowance for decision makers to express their opinions easily and the high 
satisfaction level that results. According to Chcn and Lee (2002), decision-makcrs use cognitive 
structures to simplify the decision process and test alternatives during complex and strategic 
situations. Uncertain future scenarios arc measured objectively. These objective measures of 
uncertainty are simply the abstract measures of proportion (White, 1969). The following sections 
discuss the method used to handle the problem. 
4.3. Adopted research design 
Its identified through the current research problem that, there is a lack of data on the current 
research context and its required to explore the possible potential of RM in supply chains. This 
need for research directly eliminates the objective approach and takes the subjective approach. 
Rcferring to figure 4.1, considering the subjective approach at ontology, when it comes, to 
epistemology this identifies two approaches; intcrpretivist and action research. Where former is 
defined as " the epistemological position that advocates the necessity to understand difference 
between humans in their role as a social actors" and later is defined as "research strategy 
concerned with the management of change and involving close collaboration between 
practitioners and researchers" (Saunders et al., 1997). With the current literature being to identify 
the possible change that imposed by RM in supply chain. Epistemological position of action 
research is considered. 
Seen through the research problem is that the expertise feedback or involvement in comparing the 
developed scenarios is required. This identifies the direct methodological approach of co-operative 
inquiry. Seen through figure 4.1, the selected methodology provides four primary qualitative 
techniques and choice of other mixed techniques. Namely, participation, interviews, observations 
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and case study, followed by other n-dxcd techniques. As the choices arc wide, selection is focused 
in answering the preliminary question. That is, to identify a suitable technique for obtaining expert 
judgement on scenarios. Being it is most important to identify a suitable methodology which is 
obtainable within the limitations of the research work. In this context, the data collection method 
adopted is the questionnaire survey method (quantitative method). It is because this method was 
felt to be best for obtaining relevant data and has been applied to the type of situation being 
considered here. This is since, numerous authors discussing on sclccting the techniques detailed 
about selecting a choice of mixed techniques according to the research requirements (Singleton et 
al., 1988; Saunders et al., 1997; Thictart et al., 1999; Vaus, 2001; Smith et al., 2002 ). Other 
methods that could have been used, namely, participation, interviews, observations and case study, 
but these were eliminated. However, the applications of these alternative methods arc discussed in 
detail in the following sub-sections. 
Detailing in brief about the adopted research design with reference to research design map, current 
research design starts a subjective approach with an epistemological content of action research. 
This is followed by co-operativc inquiry methodology with interview technique. 
4.3.1. Qualitative methods 
4.3.1.1. Participation 
According to Singleton et al. (1988), participation falls under the category of field research were 
the researcher is said to participate actively in the field of study for an extended period of time and 
situations under study. This method could have been applied, however not because; RM is still in 
an emerging phase and not widely used in the field. 
4.3.1.2. lnterview 
According to Maxwell (1996), an in-depth interview is difficult to conduct as it needs high levels 
of competence and also involves resources and logistical issues. In addition, certain respondents 
may not be prepared to set aside the time for an interview. Further, the data would be collected 
from different groups of people across different locations, which is difficult to attain. Managing 
large volumes of in-depth interviews cannot be used in this research. Although personal interviews 
can provide valuable and additional information which might go unnoticed in observation or in 
mail and telephone interviews, Internet or email based interviews have been conducted and 
integrated into this research. 
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4.3.1.3. Observations 
Observation is used in fieldwork to draw inferences about someone's meaning and perception that 
could not be obtained through interviews (Maxwell, 1996). This approach is particularly 
appropriate when understandings or theories are in use. Nevertheless, this technique has not been 
used in this research. This is because RM is an emerging manufacturing system, which is still not 
widely used in the manufacturing arena. As there is no current activity involved, data collection 
through systematic observation must be eliminated 
4.3.1.4. Case study 
As the data requirement is a comparative result for the scenarios, it directly eliminates the case 
study approach. As described by Yin (1984), studying a concrete case will provide the advantage 
of being able to study a process in-depth from start to finish. However, analysing data collection 
through case study of scenarios involves the difficulty of determining whether the data obtained 
are typical, making it difficult to gencralise from one case. Further, it may also be inapplicable to 
use multiple case studies in this research because, RM has the capability to manufacture different 
products (Dekker et al., 2003) and conducting a case study on all the product sectors is not 
possible. 
4.3.2. Quantitative methods 
There are some altcmativc quantitative research methods that could have been used in this 
research, namely, face-to-facc interviews, telephone interviews, group interviews and self- 
administered questionnaires (Fink, 1995). However, &ce-to-facc interviews were not used in this 
research because of the constraints discussed earlier. Telephone interviews are not popular for this 
type of data collection and therefore have not been used. Though face-to-facc and group interviews 
are the popular methods used for sccnario-based systems, (Enscrink, 2000 and Ratcliffe, 2002) 
they have not been utilised because of the constraints of time, cost and complication involved in 
gathering people with the appropriate expertise. Finally, self-administered questionnaires have 
been chosen for collecting data from experts. This approach is considered as a suitable analytical 
approach for the following reasons: 
1) Mathhais et aL (1999) and Ratcliffe (2002) through their work on scenario-bascd decision 
analysis used a self-administered cmail questionnaire. The method has proved to be 
cffective and cfficient for the in-depth discussion of scenarios. 
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2) According to Ratcliffe (2002), experts are required for scenario-based decision analysis. 
Some experts located in different parts of the globe arc identified; communication by Email 
or postal questionnaire is considered appropriate. Dawc (1978) claims that a mail-bascd 
questionnaire is a practical approach for groups which are widely dispersed geographically. 
Further, as numerically described by Wass and Wells (1994), for surveys with more than 30 
respondents, it is more efficient to use a questionnaire rather interviews. 
3) Data collection through questionnaire at this juncture is identified to be more suitable to this 
research than any other technique because of the characteristics of the comparative analysis 
of scenarios. As cxpWned explicitly, scenarios involve a set of criteria and there is a 
requirement to measure the importance of these criteria. 71is action, as specified by 
Saunders et aL (1997), suggests that questionnaires arc more appropriate for use in research 
undertaken to discover attitudes and opinions than any other methods. Very recently, 
working on a future-based study of the supply chain, Zhcng et aL (2007) detailed the 
suitability of the questionnaire approach. From the above context, it is certainly obvious that 
the potential development of communication and information technology enables us to look 
to "email opinions" as a source of data. 
4.3.3. Ranking scale 
Following the detailed discussion of the problem and the identification of a suitable methodology 
to obtain expert views on scenarios a suitable scale against which scenarios can be measured is 
required. As the measure is through comparison, this method is somewhat different to the other 
available methods. Comparison, as detailed by Strauss and Corbin (1998), is theoretical in nature, 
which stimulates thinking about properties. This described by Strauss and Corbin (1998), 
"77woretical comparisons are tools looking at something objectively rather than naming or 
classi&ng without thorough examination of the object at property and dimensional lever'. 
Essentially, all comparisons rely on experts to provide opinions. Focusing on the techniques, for 
comparison, Schoemaker (1995) identified the flip-flop technique (yes or no), Ratcliffe (1999) 
utilised the ranking method and Gausemcier et al. (1999) detailed a method of comparison which 
varies according to the analysis requirement. Jarke et al. (1999) discussing the comparison of 
scenarios and scales examined the human cognitive perception involved in dccision-making and 
explained the necessity of linguistic values for comparison. 
Concentrating on linguistic variables, Zhang et aL (2004) claim that linguistic terms are intuitively 
easy to express imprecision, as this reduces their cognitive burden in the assessment process. 
Linguistic variables enable the representation of decision maker's knowledge, experience and 
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subjective view in an intuitive way and natural language format. Furthcr, Identified through 
Schoemaker's (1993,1995) work on scenario comparison, the widely used scale is a linguistic 
scale developed by Saaty. According to Saaty (1990), for j udgcment -based, pair-wisc comparison. 
a relative scale (i. e. linguistic) is morc suitable than any other standard scale, f*olloN%in_g Much, 
Saaty's ninc-point linguistic scale in table 4.2 is adopted in this research. 
Table 4.2 Fundamental linguistic scale (Saaty, 1990) 
Intensity of Linguistic Definition Explanation 
importance on scale 
an absolute 
scale 
11 Equal I Equal imporiance 
-3 
Moderate Moderate 
importance of one 
over another 
5 Strong Essential or strong II 
importance 
7 Very strong Very strong 
I 
importance 
Two activities contribute 
equally to the objective 
Experience and judgment 
strongly favour one activity 
over another. 
Experience and judgernent 
strongly favour one activity 
over another. 
An activity is strongly 
favoured and its dominance 
demonstrated in practice 
9 Extreme Extreme importance The evidence favouring one 
activity over another is of the 
highest possible order of 
affirmation 
2,4,6,8 Intermediate Intermediate values When compromise is needed 
values between two 
adjacent judgments 
Although the qualitative linguistic approach can provide data of' a spcclfic nature, It has its 
limitations. Namely, 1) the analv, sis is susceptible to sub' -prctation because ofthe naturc JCctIvC Ilitcl 
of the techniques. 2) Data collection and analysis arc cumbersome (Creswell, 2003), As a result, in 
order to improve the precision of the data collection and (o rcducc stib. Iccti%, c intcrproation, a 
further analysis of the subjective response obtained is required. 
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4.4. Design of questionnaire 
Following the clear objective of the study, the questionnaire is identified as a suitable 
methodology to evaluate scenarios. Proposed by Gillham (2000), questionnaires are generally used 
to obtain a large database of information with low-level details. i. e. breadth is often emphasised at 
the expense of depth. Alternatively, it could be further found that questionnaires may contain 
ambiguous questions or that a key question has been omittcd or that an initial fault in the design 
has weakened the results. Accordingly, a clear picture of what is to be done to carefully design and 
execute the survey is explicitly detailed in this section. 
In spite of its advantages, the main disadvantage identified for a questionnaire is its inability to 
probe respondents for more in-depth detail. To overcome specified responses, different 
questionnaire types can be adopted. This is particularly not for constraining the respondent to a 
specific set of responses, but it is to obtain a more accurate and true opinion about issues (Bourque 
and Fielder, 1995). Identifying the best possible means of interacting with the respondent to obtain 
a response as the application of an cmail-bascd, self-administered questionnaire. Fink (1995) 
dcfines this as follows "a self-administered questionnaire is that the questions that an individual 
completes by oneself'. Its advantages detailed by Tashakkori and Tcddlie (1998) are that it is less 
expensive to conduct, can have a wide geographic coverage, is capable of probing a respondent's 
opinion and can obtain a large amount of data within a short period of time. In particular, this 
overcomes the difficulty involved in arranging time to meet respondents. 
With the advent of computers, the early paper and pencil questionnaire method has undergone 
drastic change to create the email or web based questionnaire (Tashakkori and Tcddlic, 1998). 
Tbis increase in technological power can, over time, overcome the current disadvantages and 
perceptions involved in the use of questionnaires. As a result, this research concentrates on 
questionnaire techniques that have been used over the last two decades. As argued by Dillman 
(2000), mail response behaviour depends on the subject of assessment that is visible to 
respondents. Hence, measures to provide a lucid and interesting picture of the subject being 
investigated will help maximise the response rate as will the careful design of the guidelines and 
survey execution for self-administered questionnaires as detailed by Fink (1995) and Dillman 
(2000). It is agreed that most of the critical problems with questionnaire analysis can be tracked 
back to its design phase. Hence, the possibility of a pilot study of the email questionnaire was 
considcrcd. 
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During the pilot study, "email correspondence" with respondents took place. Through several 
forums and cmails, issues around the research questions / focus of data collection, analysis and 
questionnaire design were discussed. At this juncture, "email response" provided an opportunity to 
defend the current research work and approach it with additional confidence in the research design. 
Following the questionnaire survey, more personal email contacts took place and thus further 
facilitated "email correspondence". Some respondents who participated in the questionnaire survey 
were further contacted via email to clarify and elaborate the results from the survey detailing 
significant findings. Follow-up emails were sent to respondents to obtain a speedy response. 
Therefore the entire research strategy adopted in this study can be characterised as a triangulation 
methodology (Tashakkori and Teddlic, 1998). It is strongly believed through this detailed study 
and in-depth analysis that the results of this study will be applicable and reliable. Thus, the next 
section discusses in detail the development of the questionnaire. 
4.4.1. Questionnaire development 
The main objective of the questionnaire is to compare, scenarios with respect to their individual 
functionality / criteria. Thus the focus is to identify the suitability of RM in supply chains by 
concentrating on the parameters identified in this research (customisation, inventory and Icad-timc 
reduction). With this as a background for obtaining respondent opinion, the processing of the 
questionnaires involves several phases and the triangulation of the different methods of data 
collection (Tashakkori and Tcddlie, 1998). As is usual when providing a self-administered 
questionnaire, a rank order scale is used as a means of comparing scenarios. 
In order to improve the potential of the questionnaire, the review of the literature in areas like the 
supply chain, production and implementation, the application of e-com in production, distribution 
and customer interaction was conducted. Here, the literature search involves reviewing all the 
readily available materials, including research papers, white papers, journal articles, annual 
reports, magazines, online databases, forum discussions and any other published materials. Some 
critical factors were adopted from other literature as they were found to be particularly important 
for the identified study. For example, customer and manufacturer criteria for products are grouped 
based on other literature. The identified parameters (criteria) arc adopted and scenario comparison 
is made accordingly. Typically, the questionnaire was developed in a situation when no existing 
questions could have been adopted or adapted for the purpose of the study. Appendix A and B 
gives the detailed questionnaire used for this survey and its development. 
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4.4.2. Identifying the respondents 
Following the development of the questionnaire, this section discusses in detail the respondents 
(experts) involved in evaluating the scenarios. A research into non-rcsponse to surveys identified 
three kinds of non-respondents, namely, 1) respondents who are unable to supply answers, 2) those 
that simply refuse to provide information and 3) those not reached by the data collection 
procedures. This research considers identifying people who would provide information and can 
thus be approached to participate in the survey. Also, poor sample selection can lead to the 
questionnaire being completed by an individual other than the person to whom the questionnaire 
was sent so respondent selection must be made carefully. 
According to Creswell (2003), survey research allows inferences to be made concerning the 
characteristics, attitude or behaviour of the population from which the sample is obtained. 
Discussing sample populations, Fink (1995) and Dillman (2000) explained that there are no 
specific rules for the sample size in a survey. Alternatively, sample size depends on meeting the 
information requirements for the research as well as the cost, time, expected response rate and 
requirements of analysis. In this context, the respondent selection criteria enabled the survey 
sample population to be selected from two different groups, namely, people involved in the supply 
chain and people from RM. An initial pilot study was used to identify the requirements of 
respondents from both the groups. Alternatively, a list of people in RM and in the supply chain is 
identified through networking. Ibis is further followed by identification of respondents from 
forums, resources like APICS, LEANSIG, CMSIG and finally contacts from the Institute of 
Management Consultancy. Following the identification of a suitable group of respondents, the next 
section discusses the response rate, i. e. the number of responses accepted as being feasible. 
4.4.3. Response rate 
In general, there is no minimum percentage for response rates. However, non-responsc bias is 
always a concern when conducting mail surveys. Jolliffe (1986) explains that non-responsc or unit 
non-response is caused by the sample member refusing to provide data or participate in the survey 
which may introduce some error into the survey results obtained. To overcome non-rcsponse error, 
Jolliffe (1986) briefcd about various methods. One among the methods for testing non-response is 
to test the significant difference between early and late responses. This method is bascd on the 
opinion that the response of later respondents rcflects the non-rcspondent's opinions. As non- 
response increases bias in a survey, it motivated rcscarchcrs to search for suitable methods to 
increase response rates, In order to overcome this problem, Dillman (2000) detailed some possible 
means of improving response rates, namely, by explaining how important the study is and the 
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importance of the respondent's participation. Further, for improving the response rate, it is required 
to ask questions on topics that interest the respondents. Numerous authors have suggested 
extensive ways for increasing the response rates, including showing positive regard, maintaining 
confidentiality, incentives, rewards, follow ups and respondcnt-friendly instruments (Fink, 1995, 
Dillman, 2000 and Creswell, 2003). As concentrating on all the factors is impossible, the 
following were particularly considered: 
1. As the survey is a part of PhD research work, it is not permissible or possible to offer any 
financial rewards. Instead, non-monctary incentives were offered to motivate the 
respondents. As an incentive, respondents were promised a summary report at the end of the 
study. 
2. In order to improve response and reduce the reluctance to respond, respondents were 
reassured about the confidentiality of their names and organisation details. 
3. Multi-mcthod follow-ups with two or three reminders were adopted. Special attention and 
effort in reminding respondents illustrates the energy of the researcher whilst making 
respondents aware of their importance in the survey. For a satisfactory response rate, Babbie 
(1973) suggests follow-ups and a reminder letter two weeks after the initial questionnaire. 
Following the initial email, after four weeks a replacement attachment with covering letter 
was emailed to non-respondcnts. This indicates the researcher's commitment to securing the 
respondent's participation. Further, this may also be easier for the respondent to complete 
than searching for a lost or misplaced document (Gillham, 2000). 
4. To encourage responses, considerable care and attention is paid to securing quick, 
interactive, completion of the questionnaire. 
5. Gillham (2000) sees keeping the questionnaire short but compatible with receiving useful 
information as being essential. A short questionnaire is helps to obtain effective comparative 
results in a minimum of time. Most questions used in the questionnaire involve ranking 
against a particular criteria, closc-endcd questions with selected responses and a few open- 
ended questions to invite comments. 
6. Though online survey is possible, because of security issues and responsiveness the email- 
based, self-administered questionnaire was used. It also identifies the respondent's identity 
and proves the importance of the specific respondent. 
Furthermore, the need to obtain a high response rate was also considered. The methods used 
involved mailing the questionnaire midweek; giving the questionnaire a short meaningful title; 
adopting interactive rcsponse-recording methods developed using MS Visual Basic and providing 
a new approach in questionnaire design. Some definitions arc given in the questionnaire, enabling 
respondents to have a common understanding. A specific deadline was not detailed in the covering 
64 
Chapter 4 
letter. This is because, briefed by Diamantopoulas and Schlcgelmilch's (1996), the sense of 
urgency is not more likely to encourage respondents to respond. 
4.4.4. Reliability and validity 
Detailed by Tashakkori and Teddlie (1998), any research results to be considered are required to 
be valid and reliable. With this research involving survey instruments and the development of 
specific research measures to achieve the research objective, the need to show evidence of their 
reliability and validity is required. Reliability is a measure of the extent to which the results of a 
test can be repeated consistently by different respondents (Miles and Hubcrman, 1994). Validity, 
as explained by Litwin (1995), is a measure or the extent to which the question or item really 
measures what is required to be measured. Discussing the methods of ensuring validity, Yin 
(1984) identified three types of validity. Tbesc were, construct validity, "establishing correct 
operational measures for the concepts being studied" and internal validity, which rcfers to the 
reliability of the study and whether the items selected for investigation are sufficient to explain the 
topic of the research. Finally, external validity is about "establishing the domain to which a study's 
findings can be genemlised". 
As a measure of the evidence for construct validity, Yin (1984), suggests utilising multiple 
sources. According to Yin (1984) construct validity is largely achieved by using the survey 
questionnaire data. Following this, multi-sourccs of data collection are used. Alternatively, Fowler 
(1984), discussing reliability stated that "a step toward ensuring consistent measurement is that 
each respondent in a sample is asked the same set of questions". As a result, the questionnaire 
designer must seek to maintain the similarity of questions to all respondents. In spite of this 
similarity in questions, answers by respondents vary to a certain degree; probably due to the 
difference in respondents. T'herefore, this enhances the necessity of identifying the meaning of a 
question to different people. In order to ensure that the meaning of a question was consistent for 
the various people involved, a pilot study was conducted among individuals with backgrounds in 
RM and the supply chain. 
As seen through the above Sections that the questionnaire involves ranking scenarios with respect 
to particular criteria. This method of rating is identified by Dillman (2000) as the cognitive 
perception of the respondent involved while ranking. Further Aligica (2005) discusses scenarios as 
"thought experiments, " and claimed the involvement of human cognitive perception, which may 
involve a slight variation in results. As a result, in order to improve the accuracy of the obtained 
results on linguistics values and the cognitive perception of the respondent, some measures are 
65 
Chapter 4 
required. In this context, as seen earlier, the accuracy of the data obtained from the questionnaire 
can be improved if multiple sources can be used. As a result, fuzzy sets are adopted. White (1969) 
claims the ffizzy sets are suitable for improving the results obtained by the human cognitive 
approach. Similarly, discussing linguistic variables, Zadch (1965) identified the suitability of the 
fuzzy sets approach for improving the reliability of the results. Following the identification and 
suitability of fuzzy sets for improving the precision on obtained linguistic variables, the next 
scction discusscs thcm bricfly. 
4.4.5. Fuzzy sets 
Pair-wise comparison by decision-makcrs tends to reflect all aspects of the problem and has the 
possibility to provide precise information with a consensus solution. For pair-wisc comparison, a 
linguistic scale is used. However, as noted by Zhou et at (1999), decision-making data obtained 
through a linguistic process is imprecise. For example, the linguistic values "strong". "equal", 
"low" used in the evaluation, do not constitute a well-defined boundary, i. e. a respondent 
answering "equal" to a question may see "equal" as being an "equal" close to "low" or an "equal" 
close to "strong", therefore leading to an uncertain answer. TIus fuzzy sets are applied to handle 
observations that are imprecise, vague and uncertain. Ile term "fiizzy" refcrs to a situation where 
there is no well-defined boundary for a set of activities. Developed by Zadch (1965), fuzzy sets arc 
used to deal with imprecision in decision-making and are used to describe vagueness and 
ambiguity in real-world systems. 
Dcfined by Zadch (1965), 'Yuzzy set A in X (the space of objects) as a class of object with a 
continuum of grades of membership. Such a set is characterised by a membership function fA (x) 
which associates with each point In Xa real number in the interval [0,1]. With the value offA(x) at 
x representing the 'grade of membership' of x in A. 7he larger the value qffAft), the higher the 
grade of membership of x in A". According to Zadch (1965), this is because the conventional 
techniques applied to human systems when modelling imprecision are frequently inadequate and 
an accuracy level is required, which is often difficult to estimate. The developed ftizzy sets theory 
has attracted widespread attention in various fields, such as social science, psychology, economics, 
linguistics and the more 'soft' sciences. Ibc technique is particularly suitable for situations where 
conventional mathematical techniques are of limited cffectivcness. 
The current topic of fiizzy set application is for dealing with imprecision, uncertainty and fuzziness 
involved in human decision-making (Zhou et al., 1999). It is because, the defined set of linguistic 
terms may contain various degrees of preferences on values by a decision maker. Ilcrcfore, to 
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overcome this fuzziness, Chan et al. (2000) described the conversion of linguistic estimates into 
fi=y numbers, thereby obtaining precise results. Following the requirement of suitable fi=y 
numbers for converting linguistic variables, identified by Zhang et al. (2004), is the application of 
triangular fiizzy numbers. As a result, the triangular fuzzy number technique has been adopted 
with the membership function of one, since it represents the object absolutely within the set. 
Identifying suitable fuzzy numbers, and adopting linguistic values, fuzziness is reduced by 
fiizzification and deffizzification (Chiou et al., 2005). A detailed explanation on improving the 
precision of the data by adopting fuzzy sets is explained later in chapter 5. 
4.5. Decision analysis 
The comparative results obtained through the questionnaire on scenarios are used for decision 
analysis. To select one best scenario, a suitable decision analysis method, is required Focusing on 
the development of a simpler decision analysis system, this section discusses in detail the selection 
of a suitable decision system and the methods used for evaluating the a1tcrnativcs. Initial 
discussion is on the widely available methods and then narrowed to the specific method applied in 
this study. 
Researchers and practitioners have outlined several methods for dccision-making. Namely, (a) 
Decision-making can be assessed intuitively (subjective measures of satisfaction) or objectively 
(weak and strong effectiveness). (b) Process or outcome can be compared with that of another set 
of rules. (c) The method can be evaluated in terms of (i) its coherence or logical reasoning from 
basic axioms, (ii) simulations, (iii) experiments or (iv) real-world decision-making. (d) Finally, the 
dichotomy between the coherence and correspondence mcta-thcories of judgment (Ilarrics, 2003). 
Figure 4.3 puts some of the above dimensions onto an evaluation space for dccision-making 
method or technique. The X-axis is divided into subjective measures and objective measures. 
While, the Z-axis is divided into the theoretical and practical evaluation methods or techniques that 
vary in terms of prior knowledge or assumptions about the decision environment, specifically, the 
individuals and the interaction between them. Briefly, a theoretical evaluation and a simulation 
make assumptions about the decision-making behaviour and their interaction with the 
environment. Experiment makes assumptions about the environment (but measures behaviour). 
An examination of real-world behaviour arguably makes the fewest assumptions about the 
environment and about individual behaviour. Each of the evaluations of any one method or 
technique, shown in the X-Z plane of Figure 4.3 can be carried out with respect to different 
references shown on the Y-axis. Tbus, a method or technique may be useful in terms of carrying 
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out its aims or the decision-maker's aims (Harries, 2003). With the ýIbovc knowledge on decisioll- 
making techniques, refcrring to the problem context of a ftiture-focuscd, sccnario-based, dcclsl(),, 
analysis, the selection process is progressed. In order to eliminate subjectivitv coriccrimig 
scenarios and increase objectivity in results, decision analysis is made obýjcctlvcly. Following the 
difficulty involved in experimental analysis and real-world dccision-making about scenarios, the 
evaluation on scenanos involves theoretical analysis and simulations. 
Figure 4.3 Evaluation methods for decision-making techniques 
(adopted from (Harries, 2003)) 
YI 
Decision makeis goals 
Real world decision 
M. 11AINQ 
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Focusing on the theoretical analysis approach, numerous authors note (fiat sccnario analysis 
involves selection of a single scenario from amongst a group of' others (Schnaars, 1992, 
Schoemaker, 1993 and Ratcliffe, 1999). Alternativclv, concentrating on scenario sclection. 
Vreeker el al. (2002) describing modern approaches to evaluation witness an inci-casing cinphasis 
on analytical, decision-support methods. Within the above context of' selecting a scenario by 
adopting an analytical dccision-support system, and with the unavailabilitv of standard or readily 
available decision-making methods, work is progressing in order to develop a licN% dccisioli 
analysis method. Theoretical analysis is carried out by the application of' a systcniatically 
developed method, named the System Selection Cube (SSC), while simulation applies the widely 
used Analytical Hierarchy Process (Al IP). Evaluation is by the application ofliuman-oricnted and 
technology-onented methods so that the precision / deviation betwecri the applied methods can be 
identified. 
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4.5.1. System Selection Cube 
The System Selection Cube (SSC) was developed as a decision analysis system to carry out a 
simple paper or form-based scenario selection process. It involves procedures and steps utilised by 
a decision-maker. This method consists of different phases and steps that arc not necessarily 
sequential. Decision-makers can loop back, repeat step and modify results from previous steps 
before proceeding. Critically, this SSC method supports the decision-makcr with a particular 
decision problem and rarely supports all the steps or phases of decision-making (Wrcn Gloria et 
al., 2004). Ilat is, this method identifies a suitable sccnario, but it lacks the capacity to define how 
much better the selected scenario is compared to the others. Critically, this method focuses on 
identifying a suitable scenario for the required selection parameters. 
Cho (2002), discussing decision support systems, detailed that the multi-critcrion decision models 
do not yield the same result, therefore some alternative approaches are required. As a result, an 
analytical, scientific method is needed for decision analysis to overcome any limitations that 
would possibly arise in SSC. On the other hand, the application of a new decision analysis method 
is used to identify the variation in results between the theoretical decision analysis method and the 
simulation / computer based method. Following which, along with SSC, a software-bascd scenario 
selection method is applied simultaneously. 
4.5.2. Analytical Hierarchy Process 
AHP is identified as a suitable scenario selection method. According to Saaty (1990), AIJP can be 
applied to any field of technology provided it is a multi-criterion based problem. Discussing 
sccnario-based decision-making methods, Kim et aL (1999) detailed the applicability of AHP as a 
suitable simulation method and defined the widespread application of sccnario-based selection. 
Working on technology evaluation, Chan et al. (2000) identified AHP as a method of evaluating 
and analyzing technologies. AHIP is described by Czincr et al. (2004) as a powcrfiil and flexible, 
weighted scoring, decision-making process to set priorities and make the best decision both 
quantitatively and qualitatively. AHP is best described for its effectiveness in assisting human 
decision-making. With the above brief knowledge of AHP, the decision problem is structured 
according to the procedural requirements of AHP. This is in the context of the establishment of a 
hierarchy of alternatives evaluated in pairs with respect to criteria (Wrcn et al., 2004). AHP 
provides a fi-amework with multiple criteria involving tangible and intangible aspects and consists 
of three steps, namely: 
1. Decomposing the complex problem into a hicmrchy of different levels. 
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2. Using a measurement methodology to establish priorities. 
3. Synthcsising the priorities to establish the final decision. 
Discussing the problem-solving functionality of AHP in detail, a complex problem is broken into 
sub-problems in hierarchy levels with sets of criteria. Refcrring to figure 4.4 the top level is the 
goal with only one element, followed by the subsequent levels with several elements and 
compared with one another against each criterion. 
Figure 4.4 AHP decision analysis model (adopted from (Chan, 2003)) 
Representing these functions on the same line and breaking the problem addressed by the current 
work, the main goal is to identify the optimum scenario for the product and for the criterion 
involved. All the available choices are listed, quantified and converted to weigh or prioritise. 
Weights of each element in each hierarchy level arc aggregated to the next level (Chan, 2003), and 
AHP-based systematic selection is attained. Different types of decision support software, e. g. 
HIPRE 3+, Automan and Expert Choice are available. With the availability of different software 
for ABP, Ossadnik and Lange (1999) through their work on the comparison and identification of 
effective and efficient software for AHP, identified Expert Choice as a suitable piece of software. 
Analysis was according to the scope of the international norin ISO/IEC 9126. Expert Choice, 
identified as the most established AHP software on the market, is chosen to address complex, 
multi-critcrion problems. Furthermore, the developer of the AHP methodology has also been 
involved with the development of Expert Choice software. With the rcalisation of the potential 
capabilities of AHP software, Expert Choice is selected and currently used in this research work. 
As it is a direct software application capable of providing real-time solutions, a further description 
of its mathematical analysis will be omitted. 
Summarising the area of decision analysis, the above dccision analysis consists of theoretical 
decision analysis using SSC, followed by simulation-based AHP analysis. Application of two 
70 
Chapter 4 
methods is particularly for the reason of identifying any deviation in results between the methods. 
Following the selection of a particular scenario through theoretical and simulation-bascd decision 
analysis methods, decision analysis is validated through a case study involving the selected 
scenario. The next section discusses in detail a case study analysis and the validation of decision 
analysis systems. 
4.6. Case study 
In order to validate a decision analysis system, i. e. to identify whether both SSC and AHP-bascd 
decision analysis systems provide similar results in idcntifying a scenario and to identify the 
possibility of using RM in product manufaOure and to know whether the scenarios can function 
effectively, a case study analysis is conducted. With scenarios, the capability to manufacture any 
product and validate a decision system for numerous products is beyond the scope of this research, 
thus a single product is considered. Following the broad theme for the application of a case study, 
this section bricfly discusses case study methodology. 
Holding a long distinguished history across many disciplines, a case study is defined by Yin 
(1984) as, "an empirical inquiry that investigates a contemporary phenomenon within its real life 
context; when the boundaries between phenomenon and context are not clearly evident; and in 
which multiple sources of evidence arc used". It is an intensive, empirical investigation of a 
particular contemporary phenomenon within its real life context using multiple sources of 
evidence. 'Me resources for case studies arc diverse and include documents, artcfacts, interviews 
and observations. However, the selection of a suitable measure entirely depends on the 
experimental conditions. 
Yin (1984) identifies different types of case studies and explains about the two typcs of single case 
studies, namely: embedded and holistic designs. A case study involving some quantitative analysis 
of a large number of projects is called an embedded design, whereas, a case study involving a 
particular, global process is called a holistic design. When the validation requiremcnt is to involve 
a single future-projected scenario selection and analysis, this identifies the necessity of the holistic, 
single-casc-study approach. A suitable case study approach is progressed following the 
identification of a relevant product sector or product. As the research is future-focusscd and uses 
multiple sources of data collection, the initial background of the product and industry sector is 
studied through documentation, archival records, and interviews. Following from this, a detailed 
single case study relies upon physical artcfacts; to analyse the possibility of the technology device 
(RM) within the identified product sector. 
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Following the validation of the decision analysis system and scenarios through the single case 
study, the outcomes of the case study analysis are analysed. The possible variety of outcomes will 
identify the strong inferences, benefits and threats for the application of RM in the supply chain 
through the use of scenarios. This identification is also aimed to provide the possible means for 
improvements and the requirements of RM to become a future, potential, manufacturing machine, 
as discussed in chapter 7. In essence, the objective of this case study is to identify all reasonable 
threats to RM and to construct a pattern of threats, necessities and benefits. 
4.7. Pilot study 
This section provides a brief discussion of the necessity of a pilot study. Detailed by Fink (1995), a 
pilot study is an opportunity to survey the instrument well before it is made final. It necessarily 
provides useful information about how distinctly the survey instrument performs in the field. A 
pilot study is a necessity and an important part of survey development. Nevertheless, along with its 
advantages, a pilot survey demands extra time, cffort and energy. It is a critical step in assessing 
the practical application of the survey instruments. Specifically, a pilot study serves several 
functions within the overall survey process. It is an aid to monitor with case, with which 
respondents complete the questionnaire, and also the case of administration and scoring. It also 
identifies the specific difficulties faced by the respondent and provides directions for completing 
each question of the survey. This is followed by wordings in each question, a place to mark 
responses and enables the intricacies that could not be easily discovered at the questionnaire 
design stage to be overcome. More importantly, a pilot survey is a method of obtaining an estimate 
of the population variance. 
The major function of the pilot study is to help modify the proposed process for the main survey. 
A pilot study is undertaken to identify whether the survey instrument will perform successfully. 
More specifically, it is used to discover whether it will achieve an acceptable response rate, 
provide reliable data on relevant topics and finally provide detailed results for the research. As the 
main aim of pilot study is to refine the questionnaire so that respondents will have no difficulties 
in answering the questions and there will be no concerns in recording the data, it is especially 
important (Saunders et al., 1997). Following the necessity of a pilot study, to assess the issues of 
the validity and reliability of the collected data, a pilot study involving 12 respondents, who will 
not be included in the final sample, was set up for studying the survey questionnaire. Tberc were 
11 responses, a response rate of 91.66%. The results obtained through pilot study arc critically 
accepted since, as detailed by Fink (1995), the minimum requirement for the number of people 
completing the survey is 10. 
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The pilot study questionnaire was provided to the respondents to mark their answers according to a 
specific scale. If a large number of respondents find difficulty in responding, it may be necessary 
to examine whether the scale requires some modification. Sufficient space was provided for 
respondents to add comments providing the best of close- and open-ended questions. Finally, 
having obtained suitable recommendations, they are incorporated into the survey design before the 
final distribution of the complete survey questionnaire. 
4.8. Summary 
This chapter has explicitly presented the research methodology used to evaluate and analyse the 
scenarios, along with the application of the decision analysis system to achieve the research aim. 
Initially, a detailed review was on management research design with the aid of a research design 
map, followed by a detailed review on various methods and techniques involved in designing a 
research methodology. As a detailed knowledge on the problem aids in creating an cffectivc 
research design, the problem that needed to be resolved is explained and the need to obtain expert 
judgements on scenarios is explicitly stated. Detailing the problem to be resolved, currently 
adopted research design map is detailed. 
As the research approach involves methodological triangulation, the suitability of the cmail-bascd 
questionnaire to obtain expert opinion on scenarios was identified. Ilis is followed by a search for 
identifying suitable respondents: the number of respondents and the validity and reliability of the 
developed questionnaire. As the questionnaire is focused towards the future and linguistic values 
are used to evaluate the scenarios, the possibility of fiizzincss is identified in the obtained results. 
As a result, fuzzy numbers arc adopted to overcome the fuzziness in the expert evaluation of 
scenarios. Seen through chapter 3, with the research objective being to identify one suitable 
scenario for the application, the need for a decision analysis system is idcntificd. The search for a 
suitable decision analysis system to analysc, identified the application of theoretical- and 
simulation-based decision systems. With the unavailability of standard decision analysis systems, 
the development of a suitable SSC-bascd, dccision-analysis system is required. Finally to identify 
the variation in results between AHP and SSC, a case study analysis was identified as an 
appropriate methodology. The focus of the case study application is to identify the possible 
potential for the application of RM in supply chains; particularly within the parameters of this 
research. 
To decide an appropriate and defendable research methodology, issues such as the classification of 
the basic research design, qualitative analysis versus quantitative analysis and triangulation were 
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examined. However, it is also important to find a methodology that is suitable and obtainable 
within the constraints of an individual research project. Although a variety of research methods 
could have been used in this research, a specific suite of suitable methods was identified and 
adopted. A clear picture of analysis design and execution of the relevant methodologies was 
obtained. Specifically, a detailed review and guidelines from varied sources of literature pertaining 
to this research context was also undertaken. A detailed explanation of this research methodology 
design is further presented in chapters 5 and 6. The following chapter describes the detailed 
application of the research methodology and the experimental context of this research. 
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Chapter 5. Development and Analysis 
5.0. Introduction 
This chapter attempts to answer the research questions that were identified at the end of the 
literature review, along with meeting the objectives of the research. Seen through chapter 2, one of 
the early research objectives was to develop suitable supply chain structures while, chapter 3 
highlighted the objective to develop and test the decision analysis system to identify a suitable 
scenario / supply chain structure for RM. In this context, this chapter further extends into scenario 
generation; where it is explained using a specific scenario-gencration procedure. There is an 
infinity of potential scenarios that can be considered. However, in this research a finite number of 
scenarios are considered and a justification is presented for this limited scenario set. After the 
adoption of qualitative and quantitative research methodologies, as seen in chapter 4, subjective 
and objective analyses are used to visualise scenarios strategically. 
Following the research objective of developing a decision analysis system to select a suitable 
scenario, a detailed methodological review is undergone. Ile relevant methodologies obtained, 
form the basis for the application of decision analysis systems. During decision analysis, experts 
initially compare scenarios. The data thus obtained are analysed for validity and reliability. In the 
qualitative data collection, precision is improved by the application of an empirical method, 
namely, fijzzy sets. The data finally obtained from the empirical method is used for sccnario-based 
decision analysis. With the unavailability of a scenario-based decision analysis method, a novel 
decision analysis method, namely the System Selection Cube (SSC), has been developed for 
decision analysis for the current situation of multi- attribute / multi-critcrion analysis. T'his is 
followed by the application of "Expert Choice". the readily available software for scenario 
selection. 
Specifically, this chapter could be described as an experimentation chapter in this research work. It 
is aimed to meet specific research objectives by following the research gaps identified by the 
literature. This is along with the application of preliminary methodology to meet the research aim 
and with a detailed methodology. This chapter involves an entire cycle of operation on scenarios 
namely, development, evaluation, testing and decision-making. Finally, the chapter concludes with 
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the analysis of the decision system and the identification of RM's suitability in supply chains 
within the parameters focused on by this research. 
5.1. Scenario development 
The ideology of scenario development described by Schnaars; (1992), is that the "future is not 
merely some mathematical forecast from the past, but the conflucncc of many factors, alike past, 
present and future, that can best be understood by simply thinking about the problem". The focus 
of this research problem is how RM will impact on the supply chain. Hence following the research 
problem, the concentration on scenario generation is with the conditional counter-fact that deals 
with the domain of the possible and the probable. i. e. the domain of speculation (Aligica, 2005). 
As there are many ways of looking at the future by using and combining various possibilities, the 
most likely possibility is that the outcome will be misguided (Aligica, 2005). As a result, setting a 
boundary on the number of scenarios to be generated in this work is attempted, i. e. in spite of the 
wide-ranging possibilities available when looking into the future; the scenarios considered will be 
limited in quantity, narrowed down and suitably developed (Mitchell et al., 1979). In practice, for 
clear understanding, the developed scenarios are presented in natural language using a spectrum of 
methods. This includes, raw information e. g. video recordings, literal transcripts, free-format data, 
pictorial description, structured presentation, process maps, state charts with embedded texts, ctc 
(Jarke et al., 1998). Contrary to the representation approach, for case of data collection on 
scenarios Aligica, (2005), describes pictorial representation as the flow of all alternative functions 
of a scenario brought together into a single state chart. This allows scenario functioning steps to be 
mapped with a space for the emerging functionality to be added and chocked for internal 
consistency, the completeness of the chart, connectivity and the representation of the necessary 
definitions of terms used. With the above understanding of scenario construction and in 
accordance with the research context, process maps or sequence diagrams with tcxt-bascd 
description arc adopted for this work. 
5.2. Construction methodology 
Numerous methods that are developed to create scenarios are found in the literature ranging from 
simplistic to complex, from qualitative to quantitative (Enscrink, 2000). Many methods have 
similarities, although they may have unique features and use different terminologies. Most 
approaches rccognise the need to understand the system under study and to identify the trends, 
issues and events that are critical to the system. Currently available scenario construction methods 
are those that have emerged from the Rand Corporation. Hermann Kahn in the 1950's, working on 
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military projects at Rand, pioneered scenario writing. Kahn believed that the most important part 
was to think about the problem in a systematic manner (Schnaars, 1992). Following this, focusing 
in detail on the current research problem has identified the application of qualitative methods and a 
suitable procedure relevant to the current research. 
Here, the aim of the scenario construction is to explore innovations in the supply chain and 
logistics resulting from the application of RM and c-com technologies. 71c impact of RM is 
explored through varying supply chain structure acting as scenarios. Certain present-day basic 
trends are identified and projected into the fiiture and these basic trends stand as a datum for the 
assumptions that are made by presuming that they will continue into the future. Furthermore, the 
driving forces behind these basic trends are analysed to allow the construction of the scenarios to 
progress. Section 3.3.2 shows how key factors that have a major influence on scenarios, such as 
technical factors (i. e. essential features involved in scenarios), structural factors, process factors 
(i. e. from customer order to customer receiving the end product) arc incorporated in the 
construction. Following the incorporation of these factors into the construction process, it is 
possible then to focus towards the future. With the future being uncertain, this uncertainty is 
managed by building alternative scenarios about the possible future (Enscrink, 2000). 
Scenario construction is an iterative process with various combinations of key technical, structural 
and process factors which sets out to discover the future general and specific needs and 
opportunities and then to examine their implementation and deployment. ibis iterative Scenario 
generation process is continued until a structured representation of the supply chain is obtained. 
TIc chain involves RM as a manufacturing machine and starts with the ordering of components 
and ends with the delivery of the product to the end uscr. Scenario construction involves changes, 
continuous reviews and correction as an integral part of the scenario process, the sccnario obtained 
is then evaluated for consistency, logic, situations / variations of theme as well as the possibility of 
under- or over-prediction. The design abstmcts of the scenarios obtained are then collcctcd as 
various theories. 
Progressing fiuffier for scenario generation, every new scenario is adopted using a similar 
procedure. Alternatively, the new scenario is refined and utilised with a pre-cxisting theory and 
refined during the evaluation process. The scenarios fmally obtained arc the alternative, macro- 
level, unique structures (Jarke et al., 1998). The possible future projections developed within the 
research context as scenarios are then converged to reduce their number. This is particularly 
important to ensure effective decision-making. Portrayed through decision theory, the greater the 
number of scenarios the higher is the uncertainty; the decision-making process is thus made more 
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difficult with the likelihood of a significant number of problems (White, 1969). As a result and 
according to the regulations on the number of scenarios, the number permitted is limited to two or 
three. With no available sccnario convergence procedure, convergence is by specific sccnario 
generators (Schnaars, 1992). Following from the above, the next section details the characteristics 
of the developed scenarios. 
5.2.1. General functionality of the developed scenarios 
There are a number of fundamental characteristics of a scenario that arc rcflcctod by various 
procedures for scenario generation. These include the approach to structure, the nature of the 
scenario elements, the probability of outcome, the time period and time dependence, the size of the 
scenario, the subjective information requirements, the purpose of the scenario, the description of 
the scenario and the extent of policy interaction. On the same theme, Aligica (2005), discussing 
the characteristics of scenarios commented about their homogeneous nature. This is despite not all 
scenarios functioning in the same way and not all seeking to do the same thing and not all having a 
similar structure. Adopting this basic background knowledge, the developed scenarios are to 
involve the following characteristic features, namely, they should be dynamic in nature, future- 
forward, hold a defined terminal state and be able to work at any time, Finally scenarios are 
considered to be an information network connected with an enriched information source. 
Specifically, scenarios are depicted with a focus on the customer and the ways of meeting 
customer requirements (Pavitt, 1997). Ibereby, the functionality of the scenarios lics within the 
parameters of this research as narrowed and focused by the literature, the content of the scenarios 
and their boundaries. 
Discussing the general functionality of the constructed scenarios, customers are provided with a 
means to order their mass-customised product through the web. Construction is with an open 
architecture where the customer or manufficturer is independent of joining the manufacturing 
network. Internet application in manufacturing and distribution is used for the conversion of the 
physical product into digital product data and is widely used in all scenarios. This is particularly to 
overcome the shortcomings of relationship management between customer and manufacturcr when 
the manufacturing site is at a centraliscd location (Reichwald et al., 2003). It is also to reduce the 
product cost and lead-time involved in distribution. As a means of cost reduction through 
inventory, build-to-ordcr product manufacturing (Krar and Gill, 2007) is applied in all the 
scenarios. This application is further for RM's manufacturing capabilities of manufacturing 
products upon order (Dekker et al., 2003). 
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With the focus of time saving, cost reduction, improving mass-customisation aspects and 
according to the research context of applying RM, RM is used as a manufacturing technique in all 
the scenarios. In addition, RM is also expected to offer more design options and to create more 
innovative products that customers will value. In a broad theme, RM is seen to change the rules of 
competition by offering customers individually customised products with no time or cost penalty 
(Kidd, 2002). Following the above detail on the general characteristics and functionality of 
scenarios, the specific nature of each of the scenarios is depicted below in detail. With scenario 
being a tool to develop or project the future of RM in supply chain, the above developed scenario 
structures are alternatively named as archetypes. Where, archetype is defined as "a gcneric, 
idealised model of a person, object or concept from which similar Instances are derived'. 
lberefore, in the following sections scenarios arc alternatively called as archetypes. 
5.3. Hub-based manufacturing 
5.3.1. Focus: 
The aim of this archetype is to reduce lead time and inventory, while improving quality, speed and 
customisation. The broad spectrum of the supply chain structure adopted in this archetype involves 
a virtual co-operation among various members of the supply chain via the application of the 
Internet. Further, this archetype is focused on rapidly delivering mass-customiscd new or service- 
based products. The developed application is targeted at busincss-to-business, business-to- 
consumer and after sales service with a motto of "more out of less" (Bruun and Mcfford, 2003). 
5.3.2. Description: 
Referring to figure 5.1, the customer uses the Internet (e-catalogue) to identify his custom-product 
requirement and orders it from the manufacturer (King, 2007). The manufacturer or group of 
manufacturers locates "hub-based manufacturing systems" at various dispersed geographical 
locations and controls their activities by two-way information flows over the Internet. Following 
the customer order and the location of the customer, the manufacturer instructs the localiscd hub 
(the hub near to customer location) to manufacture the product. Certain product designs are 
maintained by manufacturers in a centralised digital product database connected through the 
Internet (dematerialised product) and ready for manufacture. Upon customer order, the hub 
administrator collects the required custom product data from the digital product database and 
distributes to the RM manufacturing unit. Specific requirements i. e. product that cannot be 
manufactured in the hub, are outsourced. The outsourccd components, after inspection, are 
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assembled with the RM manufactured product. The product is passed for inspection, packing and 
distribution to the distribution centrc for delivery. 
Figure 5.1 Hub-based manufacturing 
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An example of an outsourced product is a custom hydraulic fitness product; here custom 
components are manufactured in the RM machine while the hydraulic system is purchased and 
then fitted. The tail end of the operating output of the hub provides the option of product 
distribution through third party logistics providers or it allows customers to collect (like; 
7dream. com, Chopra, 2003). In addition to the manufacture of new products, the hub system can 
support scrvice-based activities for products brought in by customers. The service required is 
primarily identified using a component requirement cycle, following which the necessary products 
are manufactured. This developed archetype involves several functions and has the possibility for 
several sub-socnarios / archetypes to emerge, suggesting the possibility that it can work at any time. 
Table 5.1 below describes the advantages and disadvantages of this scenario. 
Table 5.1 Archetype description- A 
Advantages 
Exchanges products or services, Information & social exchanges, 
- Very wide product category can be manufactured. 
- High degree of product customisation can be achieved. 
- Requires high co-ordination and Integration among manufacturers. 
Disadvantages 
- Involves high system cost. 
- Suitable for manufacture of micro to macro structures, high volume production 
Product and high design complexity. 
manufacturing - Applicable for manufacture of products requiring last-minute changes In 
application design and service. 
- Suitable for the manufacture of custom products requiring physical customer 
involved custornisation. 
5.4. Mobile manufacturing system 
5.4.1. Focus: 
This archetype was developed upon realising the fact that current logistics systcms are unable to 
react fhst enough for the changing market situations (Damcn, 2001). Furthcr, bricfcd by Bleckcr 
and Graf (2003), only little research has been done in the area of mobile manufacturing, while it is 
gaining importance and stands as a future-focused research ob cctivc. j 
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Figure 5.2 Mobile manufacturing system 
C) 
rt 
82 
Chapter 5 
5.4.2. Description: 
Referring to figure 5.2, the mobile manufacturing unit is controlled by the unit administrator. 
Customers requiring a custom product through the Internet (c-catalogucs) order a product from the 
manufacturer. Manufacturers with a mobile manufacturing system locate their unit close to the 
customer and relay the customer requirements to the mobile unit. Considering the customer order 
and manufacturer's instructions, the unit administrator obtains the dcmatcrialiscd digital product 
data from the database and manufactures it in the RM machine. 'Me manufactured product is then 
assembled, packed and delivered. Product delivery invokes last-mile home delivery (Chopra, 
2003). Examples include; groceries, Peapod, Shoplink and Webvan. Along with product dclivcry, 
as a further enhancement customer-centred scheduling (scheduling delivery according to customer 
availability) is also possible (Enslow, 2000). For certain necessary custom product requirements, 
the customer is involved during manufacturing. This is by using the available scanning system to 
obtain measurements for the manufacture of precisely fitted custom products. 
Table 5.2 Archetype description -B 
Advantages 
Serves as a re-evaluated distribution system capable of manufacturing and 
distributing products according to custom needs. 
- Improves the degree of product customisation. 
- Requires high process optmisation. 
Disadvantages 
- Involves high system cost and environmental risk 
- Suitable for manufacture of products with high design complexity. 
Product 
- Applicable for manufacture of products requiring last-minute changes in 
manufacturing design and service. 
application - Suitable for manufacture of custom products requiring the customer to be 
I 
physically involved in the customisation. 
I 
5.5. RM in service industries 
5.5.1. Focus: 
This archetype is portrayed to reduce the logistics and invcntory-carrying cost of slow turnover 
spare parts (Walter et al., 2004). Further, this archetype is portraycd to involve the customisation 
of service-based products. 
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Figure 5.3 RM in service industry 
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5.5.2. Description: 
Referring to figure 5.3, the customer requiring a product service orders from the manufacturer. 
The manufacturer or group of manufacturers maintaining the hub by using Intcmct-conncctcd 
product databases and customer support passes the customer query to the hub located close to 
customer. Following the customer requirement, the service team picks up the product and brings it 
to the hub. In the service hub, upon obtaining the product requiring servicing, it is inspected and 
reported to the customer service support team. This is followed by the necessary service / custom 
modification of the product (Doherty, 2001). 
For product modification, the customer interacts with the customer support team through the 
Internet thus permitting custom design and manufacturing, e. g., Toy builders (Doherty, 2001 and 
Barnatt, 2001). This is followed by the transfer of information from the configurator (customer 
support team) to the shop floor of the deccntraliscd service ccntre. This system is made possible by 
the seamless information flow made possible by the Internet. Further, this system also permits 
order tracking, decision support, design modification ctc (Frutos and Borcnstcin, 2004). The final 
manufactured or serviced product is asscmblcd4 packed and shipped to the customer location by 
the service centre. More emphasis is placed on scrvicc-bascd activities with wider options. This is 
because, anecdotal evidence suggests tha4 to compete in the market place, a good service structure 
is requircd (Loomba, 1996). 
Table S. 3 Archetype description -C 
Advantages 
Involves custornisation of the service required by products. 
- Holds dernaterialised product Inventory for outdated products. 
- Improves product life cycle. 
- High labour involved for separate client support 
Disadvantages - High system cost Involved for maintaining product databases. 
- Possibility to develop several sub-scenarios. 
Product - Applicable to the service Industry. 
manufacturing - Suitable for products requiring various build volumes, last-minute changes and 
application high design complexity. 
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5.6. RM as a retailer and manufacturing at kitty corner hubs 
5.6.1. Focus: 
As compared to direct stores, web stores require improved product distribution methods (Bock, 
2002). In this context, this archetype is portrayed for improving custom product manufacturing 
and distribution for web-enabled purchases. 
5.6.2. Description: 
Referring to figure 5.4, the customer requiring a product orders from the wcb-bascd c-cataloguc 
(Enslow, 2000). Upon receiving the customer order, the manufacturer provides dcmatcrialiscd 
product data to the customer (Chopra, 2003), either by obtaining already existing product data 
from the "product database" or by "designing dematcrialiscd products" according to the product 
needs of the customer, Here, the customer is provided with two product-manufacturing options; 
Option 1: Customer obtains the product by conversion of dematcrialiscd product data into a 
physical product through the "Kitty Comer hub" involving the RM rnachinc. 
0 roduct by using Ra ption 2: The customer by himself converts the product data into p pid 
Manufacturing as a Retailer Machine (RMRM). In this process, during product manufacture, die 
customer is provided with an option to choose features such as colour and material for the product 
being manufactured (Frutos and Borcnstein, 2004). 
Table 5.4 Archetype description -D 
Advantages 
Reduces supply chain costs like the cost involved In Inventory, distribution, 
facilities and Information handling. 
- Provides a new measure of product-reach for custom products ordered 
through the Internet. 
- Lower degree of product customisation. 
Disadvantages - Much customer time is Involved, possibly unwillingly, In obtaining a product 
- Tedious and costlier maintenance process. 
- Involves high product limitations. 
Product - 
Suitable for the 'prosumer approach' and for products requiring choice of 
material selection by the customer. 
manufacturing 
- Applicable for manufacture of products with low build volumes. application 
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Figure 5.4 RM as a retailer & manufacturing at kitty comer hubs 
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5.7. RM in housing colonies and home based manufacturing 
5.7.1. Focus: 
The Internet is entering homes at a very rapid rate and some features of future homes could 
possibly be controlled via the Internet (Davis, 2003). Focusing on possible future homes, this 
archetype concentrates on home-based product manufacturing via the Internet. 
5.7.2. Description: 
Referring to figure 5.5, the customer uses e-catalogucs to order his customiscd product (Enslow, 
2000). Following the customer order, the manufacturer provides dematcrialiscd product data to the 
customer. This is either by obtaining the product from the product database or by designing new 
products through design engineers. From the obtained dc=tcrialiscd product data, iflic customer 
fabricates the aesthetically shaped profiles using an RM machine (Tay a al., 200 1). 1 Icre, product 
manufacture by the customer involves two options. 
OTtlon 1: By utilising a domestic 3D printing machine (Fralix, 2003) located at home (Barnatt, 
2001, Bums and Howinson, 2001 and King, 2007). 
Qpflon 2: Manufacture by an RM machine that was collectively purchased by a group of housing 
colony members and located centrally for common usage. 
Table S. 5 Archetype description -E 
Advantages 
Reduces cost involved by manufacturer, along with distribution and Inventory- 
carrying cost 
Improves customer satisfaction and product Innovation for customers. 
High cost involved for customer and Involves operational risk 
Disadvantages Reduced safety and environmental risks. 
Demands a wide-ranging product database. 
Product Suitable for products requiring *prosumer approach". 
manufacturing 
Suitable for products requiring lower design complexity, low build volume and 
low volume of production. 
application 
Serves specific consumer product requirements. 
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Figure 5.5 RM in housing colonies & home based manufacturing 
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Archetype 
Decision', -, 
Field 
Product type 
Suitable for Efficient for single product type 
manufacture and very highly limited fof 
of both the products involving assemblies 
product types 
Wide range Moderate range 
of machines of machinery 
Yes No 
Very limited 
machinery 
type 
No 
customisation* 
End product Optional Involves Involves Not applicable Not 
distribution* distribution distribution aplAcable 
Post service* 
Involved Not involved Involved Not involved Not involved 
ive escription 
Archetype 1- Hub-based manufacturing Archetype 4 RIVI as a retailer and manufacturing 
-- 
at kitty coinei hubs 
Archetype 2- Mobile manufacturing system Archetype 5- RM in housing colonies and home based manufacturing 
Archetype 3- RM in service indusý 
__ __ _ 
Manufacturing capability - ability to handle the types of RM machine (Furrens, 1999) 
Physical customer-involved customisation - abildy to involve a customer physically for manufacture of body 
fitted custornised products. 
* End product distribution - ability to distribute the finally obtained product that is ready for usability (Lnslow, 
2000). 
* Post service - ability to provide a well structured after sales product service to the customer to enhance 
customer satisfaction with reduced cost and lead time (Loomba, 1996). 
Table 5.6 Tabular description of archetype's 
Archetype II Archetype 21 Archetype 31 Archetype 41 Archetype 5 
PT 1- Simple Suitable for Suitable for 
manufacture single 
component of both the product and 
PT 2 -Product product types highly limited 
involving for products 
involving 
assemblies assemblies 
Manufacturing Wide range of Limited 
capabilities* manufacturing machinery 
machines range 
__ 
Physical Yes Involves a 
customer scanning 
involved system 
The objective and subjectively generated archetypes obtained are narrowcd domi to tIVe 
archetypes / scenarios. For quick referencing, a self-cxpkinatorN table 50 is pro% Ocd 'Libic i 6, 
details the individual properties identified through Sections 5.3 to 5.7 and describcs Ilic indi% idtial 
capabilities of archetypes. As each archetype is specific in operation. in ordcr to i(Icim(N the 
suitability of each archetype, the following sections explain (he archetype identification indhod 
procedure. 
& )( ) 
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5.8. Decision making method in scenarios 
For identifying the best alternative, scenarios / archetypes are evaluated using external opinion. 
External input on the scenarios comes from experts and non-cxperts, by utillsing the widely used 
methods of qualitative and quantitative survey (Harker and Eason, 1999). Methods of collecting 
external opinion data involve interviews, questionnaires with closed and open-ended questions 
. pes is a combinator'al (Ringland, 1998 and 
Ratcliffe, 1999). As decision-making on archety I 
explosion problem (Jarke et al., 1998), where the decision is made among various possible 
alternatives for a certain goal. Here, archetypes arc tested for robustness against a series of 
possible filture world options (Harries, 2003). Each archetype is taken as a branch of tile decision 
tree and compared against another (Davis, 1993). Being a future-prcdiction activity, without datum 
data for finding the difference between scenarios, comparison is made against common terms. nis 
approach of comparison is a renowned iterative method in scenario-based decision making. where 
judgment is based on specific attributes of a archetype rather than gcncral characteristics (Harker 
and Eason, 1999). In particular, judgment is on as how well each archetype performs oil individual 
criteria and functionalitics (Davis, 1993). 
Figure 5.6 Archetype based decision-making 
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With no specific decision-making process for scenarios, a gencral method is adopted, i. e., finding 
the best alternative from among the developed scenarios. Therefore, current research involves the 
evaluation of the archetypes obtained and identifying a suitable archetype for the cxogenotis inputs. 
Figure 5.6 explains the current scenario-based evaluation method involving experts (respondents), 
where alternative archetypes are compared against each Other with respect to commonalities. 
structure and uncertainties. Following comparison, an evaluation is made on each respective 
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archetype and the outcomes obtained are further used for decision analysis. As [fie research 
involves a wide range of topics (supply chain inanagcincnt and RM), coniparativc %, Ic%%, s arc 
obtained from the group of experts (table 5.7). Since finding experts or respondcnis is essential, 
the following section discusses in brief the data collection procedure and the rcspondcnts Involvcd 
in the analysis. 
5.9. Data collection procedure 
'Mis research being the first of its kind on integrating RM and the suppIN chain %k III) file cull-clit 
research perspective of involving strategic planning, the population has bccii caicl'611N sclcctcd 
based on the specific charactenstics of the individual respondents involved and represented III Ilic 
sample. As the sample reflects the true proportion of' individuals with certain characteristics Ofthe 
general population, specific focus is on selecting the participants who wIII understand the problem 
and the research question and wi II be best able to prov ide cons ldcred responses (Fo%% lei-, 1 QH4) As 
a result, respondents were contacted through networking among supply chain prolCssionals, 
researchers, academics, strategic / full service management consultants ind online f0runis like 
APICS, CMSIG, LEANSIG, the Institute of Management Consultancy and RP-RM. The rationale 
for this selection is to include a good mixture ofpcopIc I'M this research %wrk Hie self-reportcd 
titles / positions held by respondents are surnmariscd in table 5.7. 
Table 5.7 Position of respondents (self - reporled) 
Position 
Strategy consultants 
Management Full service consultants 
Consultants 
Information consultants 
Operations director 
Supply chain General Manager 
professionals 
Operations planning & development 
Inventory planners 
Supply Chain Management 
...... Academicians Rapid Manufacturing 
Researchers Supply Chain Management 
Rapid Manufacturing 
RM Manufacturing and Research & Development Professionals 
Total 
3 
5 
1 
3 
14 3256 
2 
5 
4 
7 
8 1860 
1 
4 
7 16.28 
3 
5 11 (33 
43 100 
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Majority of respondents voluntarily participated in the quest ionnaire. Major respondents )I, C 
supply chain professionals, (14 respondents. 32.56 Importantly, thosc rcspondents %%, crc in 
positions that assumed both the greatest familiarity with their compain I es I nianul'acturing activities, 
forecast planning, inventory, lead-time, and business policy dccislon-making The second Lirgest 
number of responses was from management consultants, (9 respondents, 20 93 These 
respondents were the people with a wide range ofcxpcrtIsc from inantil'aclurinp, innovation up-lill 
forecasting. Consultants shared their knowledge within the domain of' their rcsponsibility. Ilicsc 
sample populations of respondents assure the reliability oftlic itil'orination providcd (I ltibcr, I 1W) 
This was further followed by 18.60 % academicians, 16.28 %) researchcrs and finalIN 11 63 '%, RM 
professionals, 
5.10. Response rates 
From the target sample of 100 respondents, a total of 43 rcspoiiscs %%crc recc'Vcd (LIble S 8) The 
reduction of 57 respondents from the identified MO voluntary respondents %%crc for thc ic; 1sons of 
respondents leaving their company without a forwarding cniad address, wspondenis' opcratinil, 
system not supporting the questionnaire and for spain block and server -related issues lit parncukir. 
of the 57 respondents, twelve entail responses k%crc created autoinaticallN VM a computcr c-inail 
system because of unknown user names or user names not being listed in the address book Of file 
43 responses front the target population, 7 respondents elected not to parlicipatc and 1 .1 wsponscs 
were determined to be incomplete or not relevant I'M Itirtlicr analysis. Consequently, Ilici-c %%, crc ý.; 
usable responses obtained from a population of 100 potential wspondcnis, wpi-csciiiing an oxcrall 
response rate of 23 %. Following. This detailed by Fowlcr (1984), thcre is no spccific muninal 
percentage for response rates. 
Table 5.8 Questionnaire response rate 
Survey method Usable Not usable Total 
Original email out* 
i 
15 12 
rodfher email I- Follow up reminder andda 
questionnaire" 
06 08 14 
11 - Follow up reminder and another 
question naire** * 
02 00 02 
Total 23 20 43 
Identified 100 respondents, excluding the respondents involved in the pilot study 
A second copy of the questionnaire was attached with email reminders. 
A third copy of the questionnaire was attached with email reminders, this involved the second round of 
mail follow up. 
It can be argued that the obtained response rate is acceptable 1'()i- ific 1'()Ilo%% inp, wasons 
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1. In total, there were 23 respondents (excluding those involved in the pilot study). The 
largest number of eligible responses was from the supply chain professional sector. 
Ile second largest sector is the management consultants, who arc experienced in a 
broad spectrum ftom manufacturing to management, marketing to customer service, 
etc. Inputs from the researchers in both supply chain management and RM found 
effective into the research problem. This was followed by Ole detailed input from 
academicians in respective fields. As this field of study is an cmerging one, the 
identified professionals from RM provided the final insights from the RM 
manufacturing and supply chain perspective. 
2. Researchers have noted that an efficient way to reduce non-rcsponse bias (thc 
difference between response data of non-rcspondcnts and respondents) is to attempt to 
increase the response rates (Armstrong and Overton, 1977). The larger the bias, the 
more cautious the researchers involved should be in gcneralising results from the 
sample of the population (Lambert and Harrington, 1990). As demonstrated earlier, 
efforts have been made to maximise the response rate, by adopting follow-up 
techniques and responding to respondents' queries. Table 5.8 details the response rate 
and the corresponding follow-up details and the number of responses. With the lack 
of time and financial constraints in this research, the approach of testing Ole non- 
response problem of sampling the non-rcspondcnts was not pursued. I'lic third 
approach is to estimate the effects of non-rcsponse utilising the extrapolation method. 
This method is based on time trends, this can be explained as, respondents responding 
later are assumed to be more or less equivalent to non- rcspondents(Fcrbcr, 1948). 
3. Morc follow-ups of pasonally addrcssed. rcscarch documcnts would havc bccn much 
more appropriate, as it might have raised the total response rate to a higher level than 
that obtained. However, given the constraints of time and finance it was not 
implemented. As the higher the response the better and a response rate below 20% is 
extremely undesirable (Yu and Cooper, 1983), the cumnt response rate is higher than 
20% (currently 23 1%) and so analysis can proceed. 
4. Following the extensive (and relatively complex) nature of the questions ranging from 
customer orders, to the business process and information systems, a response rate of 
over 20% was considered satisfactory. Furthermore, as this research incorporates an 
integration of various fields, obtaining the results within these fields was identified as 
the key aspect of the data collection. 
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Table 5.9 provides a detailed dispersion of respondents involved during data collection through 
questionnaire. The frequency row details the numbcr of' respondents who returlicd the 
questionnaire, there is a total of 43 filled questionnaires. Of which, the usable questionnaire 
response rate is 23. The highest percentage of response is from managemcm consultams and 
supply chain professionals rating to 30.44 percentages. This is flollowed by responses from RM 
professionals rating to 17.39 percentages, 13.04 percentage acadciniclans and finali. N, 9 ol) 
percentages of researchers. 
Table 5.9 Distribution of respondents 
Position Management Supply chain Academicians Researchers RM Total 
consultants professionals professionals 
Frequency 9 14 8 1 43 
Usable 7 7 3 2 4 23 
Percentage 30.44 30.44 13.04 869 17 39 100 
5.11. Validity 
Validity is defined as the extent to which a scientific instniment identified flic meastircd Imi-anictcr 
Nunnally and Bernstein (1994) detailed the three major categories of' valido namclý consit-tici 
validity, predictive validity and content validity. The fiollowing sections bricflý c\anunc Ilicsc 
types of validity. 
5.11.1. Construct validity 
Construct validity is meant to measure the psychological attribuics (Nunnallý and licrnsicin, 1994). 
and is most directly concerned with the degree to which the scale measures %%hat it is intended to 
measure (Churchill and lacobuccl, 2002). In particular, construct validit% rcquircs diat a scale has 
an appropriate operational definition. To an extent, the variable used to measure is abstract and 
latcrit rather than concrete and observable. Such a variable is constructcd by the investigaim and 
does not exist as an observable dimension of behaviour. In particular, Ilic gwl of' thc sw(h 
constructs is to employ one or more measures, Whose 1-cs"Its . 9clierall. sc to a 
broadcr class of 
measures that adopts the same title. To maintain construct vallditv, tills survey was developed 
from an extensive widc-ranging literature survey Here sxltý'S 1111IC-1)(11111 linguistic Scalc is 
utilised for scenario-based evaluation with criteri oil -based comparative decision anak-sis 
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According to Churchill (1994), these logical issues involved in constructs arc complex. As a 
measure of overcoming the complexity involved by linguistic variables, fuzzy sets are applied. 
Following construct validity, the next section discusses predictive validity in dctail. 
5.11.2. Predictive validity 
Churchill (2002) uses the name 'critcrion-rclated validity' and defines it as, "establishing a 
statistical relationship with a particular criterion concerned in utillsing an Instrument to estimate 
criterion behaWour that is external to the measuring Instrument itsey". For the analysis of 
criterion-related validity, the identification of external variables that are wcll-documcntcd 
theoretical relationships with the scale is required. With the study focused towards future issues, 
accurate measurement of the relationship between measurer and criterion is difficult while there is 
little data on the degree of correspondence between measurer and criterion. For this situation, the 
necessary standard of the high correlation of data between measurer and criterion, detailed by 
Churchill (2002), is overlooked. 
In the present study, identification of the uncertainty involved in archetypes and the uncertainty 
involved in product / criterion selection is required. Ilcrcforc, the critcria related to archctypcs are 
a measure of how well each archetype performs under each criterion with the adoption of linguistic 
scale. Further discussion of predictive validity by Churchill and lacobucci (2002), suggest that 
predictive validity is rarely the most important kind of validity. The concern is for "what the 
measure in fact measures" rather than simply whether it predicts precisely or not. Ilus prcdictivc 
validity or critcrion-related validity is specifically supported for this research. 
5.11.3. Content validity 
Described by Nunnally and Bernstein (1994) as "sampling from a pool of rcquircd content", 
content validity refers to the construction of a scientific instrument and whcthcr the items 
adequately capture the construct domain or the essence of the domain. In this research, initial 
measurement items are made on the basis of an extensive litcraturc review or modified from 
previous related research on scenario-based analysis. In addition, all the measurement items were 
examined by a selected number of field experts (consultants, supply chain professionals, 
academicians, researchers and RM professionals). This is particularly to ensure that the items are 
appropriately measured and the key elements are within the research context. 71rough the pilot 
study, the contents of this research work, archetypes and questionnaire arc also rcvicwcd by 
experts, who completed the pilot survey and =do recommendations to reduce irrelevant itcms. In 
particular, RM being a newly emerging manufacturing rnachino, some respondents asked for a 
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brief defmition and examples of RM's manufacturing capabilities. Following which, a brief 
definition about RM was included in the covering letter. Respondents during the pilot survey 
suggested the use of more precise formatting, wording and the use of an cmail questionnaire in 
order to ensure consistency in data collection. Based on the feedback from professionals, the 
necessary modifications were carried out to the initial survey instrument. Since all these involved 
field-bascd content, the research could be generally considered to have content validity (Churchill 
and lacobucci, 2002). 
5.11.4. Reliability 
Reliability pertains to the similarity of results provided by various but comparable sets of measures 
which make up a construct, trait or the same object. If a measure is valid it rcflccts the 
characteristic that is to be measured and is not distorted by other factors. Reliability is otherwise 
known as stability and can be assessed by taking repeated measures from the same sample at 
various times / intervals. Practically, the reasons for the limited use of stability measures in social 
sciences is because of the time requirements and the difficulty of finding participants who are 
willing to be involved in a longitudinal study. Therefore, an alternative method is needed. One 
alternative involves measuring the internal consistency of each item compared with other scale 
items, which provides a measure of the internal homogeneity of the items comprising the scale 
(Churchill and Iacobucci, 2002). Nunnally and Bernstein (1978), suggest that a general method of 
measuring internal consistency can be achieved by computing Cronbach's Cocff"icicnt Alpha for 
the items. This method measures the degree of intcr-itcm correlation in each set of items. High 
inter-itcrn correlations suggest that all the items in a set of items are measuring the same factor. 
Detailed by De Vcllis (1991), the value of Cronbach's Alpha can range between 0.00 and 1.00, 
with an alpha level below 0.60 being unacceptable. On this context, in order to identify the internal 
consistency of the data obtained from the questionnaire, Cronbach's Alpha is calculated for the 
respondents' responses. Referring to table 5.10, the questionnaire response is suitably numbered 
for application in SPSS 14.0 for Windows software and to identify Cronbach's Alpha. 'Me 
corresponding values obtained through questionnaire are then suitably entered into SPSS software 
for calculation. Table 5.10, represents the individual columns for research variable, scale mean, 
scale variance, total correlation and finally the Cronbach's Alpha level if deleted, i. e. the cffect of 
dropping each individual item on the cocfficicnt alpha for its respective scale. Identified from table 
5.10, relatively, the Cronbach's Alpha levels of the constructs in this research are higher than 0.7 
(0.712), which is highly acceptable. Table 5.10 indicates the testing items within each construct 
narrowed on a common construct. These obtained values arc considered to be adequate evidence 
of internal consistency, reliability and scale uni-dimensionality for this study. Following the 
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identification of the reliability of the data obtained through the questionnaire. fuzzv sets arc 
applied. This is particularly to overcome the fuzziness involved in the rcspondcnI wsponsc data 
The next section discusses in brief the application of the fuzzy set technique in (his rcsearch. 
Table 5.10 Item-total statistics (Cronbach's Alpha = 0.712) 
Research 
variable 
Scale Mean Variance if Corrected Alpha if 
if Item Item Item-Total Item 
Deleted Deleted Correlation Deleted 
Q01 478.4286 16499619 272 G89 
Q02 479.7143 17321.905 -587 7 1) 
Q03 479.2857 16568.238 183 690 
Q04 479.5714 16536.286 149 691 
Q11 481.8571 17211.476 -, 458 . 703 
Q12 478,1429 16674,476 209 699 
Q13 476.7143 16557.238 253 690 
Q14 480.1429 16853.476 -055 69 1 
Q21 478.4286 16335.619 527 696 
Q22 480.2857 17231 238 - 601 70 
Q23 479.2857 16681 905 106 69H 
Q24 477.8571 16198.810 A73 694 
Q31 478.8571 16434A76 . 255 610) 
Q32 480.5714 17261.952 -474 . 704 
Q33 479.8571 17179.476 -316 7W 
Q34 482.1429 16737.476 064 
QA 487.4286 16807,619 000 694 
Q41 480.8571 16994,476 -255 698 
Q42 479.1429 17222,143 -522 713 
Q43 478.4286 16585ý286 288 69H 
Q44 481.0000 16812.333 -, 023 69( 
Q51 477.4286 16743.286 694 
Q52 479.1429 17190,143 -, 442 709 
Q53 481.5714 16234ý952 614 694 
Q54 476.5714 16972286 -242 698 
QB 487.5714 16901.619 -958 696 
Q61 478.4286 16792.619 1 -002 69) 
Q62 480.2857 17070,905 -319 705 
Q63 479.4286 16542.952 690 
Q64 476.8571 16738 143 049 694 
QC 487.5714 16803.286 043 694 
Q71 4 81 ý 0000 1 17257,667 -484 704 
Q72 479.5714 17271.619 -671 708 
Q73 478A286 16518.286 307 681) 
Q74 480.7143 16845238 -049 (;! 16 
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Q81 469.4286 9246.952 . 929 . 676 
082 467.2857 9532.238 . 902 . 679 
Q83 463.8571 9775.143 . 912 . 674 
Q84 465.4286 9297.619 . 973 . 658 
091 479.4286 16165.288 . 728 . 682 
Q92 480.4286 17344.286 -. 473 . 706 
Q93 477.1429 16948.476 -. 232 . 697 
Q94 481.5714 16872.286 -. 083 . 696 
Q101 481.5714 15895.286 . 849 . 
677 
Q102 480.0000 17532.000 -. 680 . 709 
Q103 476.8571 17587.810 -. 821 . 720 
Q104 480.0000 16840.000 -. 044 . 697 
Q111 480.7143 16087.238 . 729 . 681 
Q112 480.1429 17549.810 -. 681 . 709 
Ql 13 478.2857 17351.238 -. 605 . 705 
Q114 478.7143 16321.571 . 548 . 685 
QD 487.4286 16807.619 . 000 . 694 
QE 487.4286 16807.619 000 . 694 
5.12. Fuzzy sets for data rerinement 
Decision-making on archetypes is a "thought experiment" involving human cognitive perception. 
Further, the application of linguistic values in evaluation is subject to, and involves, fuzziness. As 
an example of the fuzziness involved in a linguistic scale, the statement "approximately equal to 
100" can be interpreted by (90,100,110), while a non-fuzzy number 50 can be interpreted as (50, 
50,50) (Abdel Kader and Dugdale, 2001). Therefore, in order to eliminate fuzziness on the 
linguistic variables, fitzzy numbers are adopted. As the linguistic scale has a spread of mximum 
and minimum values, following which, to overcome the degree of fuzziness, TFN is used. TFN 
can be discussed mathematically: "a fiizzy number M in R is a triangular number if its membership 
function ILm :R -[0,1]" (Zadeh, 1965), where; 
0 x: S a 
(x-a) /( b-a) a: 5 x: 5 b 
Ilm ( X) (c-x) / (c- b) b: 5 x! 5 c 
X?! C 
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Figure 5.7 Triangular Fuzzy Number 
ýI : ý. z( x) =1 
x 
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The questionnaire responses, having linguistic values obtained from the respoixicnis, cotild 
possibly involve fuzziness. Therefore, a measure to overcome this fuzzincss is requircd As sccii 
above, TFN is a suitable method for the elimination of' fuzzincss on linguistic valtics, for %%hich, 
the linguistic scales obtained from respondents are converted mto crisp numbers (Abdel Kýidcr and 
Dugdale, 2001 and Zadeh, 1965). 'Fable 511 details the suitabic conversion nictliml of' Saaty's 
nine-point scale into TFN. Further for numerical calculation, the triangular fiizzý scalc is suitably 
converted into the triangular fuzzy reciprocal scale. 
Table 5.11 TFN equated scale 
inTensiTy oir Linguistic Explanation Triangular i nanguiar 
importance scale fuzzy scale fuz. -Y 
on absolute reciprocal 
scale scale 
1 Equal Equal importance 
Intermediate Intermediate values between 
2 values two adjacent judgements (112,1,3/2) (213,1,2) 
Moderate Moderate importance of one 
3 over another (1.312,2) (10.213,11) 
Intermediate Intermediate values between 
4 values two adjacent judgements (3/2,2,5/2) (2/5,1/2,2/3) 
Strong Essential or strong 
5 importance (2,512,3) (1/3,2/5,1/2) 
Intermediate Intermediate values between 
6 values two adjacent judgements (5/2,3,712) (2/7,1/3.2/5) 
7 Very strong Very strong importance (3,70,41) (114,217,113) 
Intermediate Intermediate values between 
8 values two adjacent judgements (7/2,4,9/2) (219,114.217) 
9 Extreme Extreme importance (4,9/2.5) (16.2/9.1/4) 
Explaining table 5.11 in detail, TFN consists of' two sections, namely, the i ight t, ýjjjgtjljjj 
number (RTFN) and the left triangular fuzzy number (UFFN). ldciink ing, TFN as i ti ipIct (ýI, 1), c), 
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it is symmetrically denoted as (ab) = (b, c). Therefore, assigning numerical values suitably, triplets 
(1/2,1,3/2), (1,3/2,2), (3/2,2,5/2), (2,5/2,3), (5/2,3,7/2), (3,7/2,4), (7/2,4,9/2) and (4,9/2,5) 
are the corresponding equivalent of Saaty's ninc-point linguistic terms. This represented pictorially, 
figure 5.8 details the normal TFN with LTFN and RTTN as spread and membership function. As 
the precise shapes of the membership functions arc not important, the value of membership is 
considered as one (Karsak and Tolga, 2001). 
FigUre 5.8 TFN's spread 
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Following the above discussion on ffizziness with respect to the linguistic scale and fuzzy number 
application, TFN is identified as being suitable. Applied to the questionnaire inputs, fuzzy 
linguistic values are converted into crisp TFN. As the responses to the questionnaire arc obtained 
from ccrmin number of respondents, the demand is for a suitable method for the ranking of values. 
Facchinctti and Ricci (2004), detailing the different methods of ranking TF-N, explained the 
method of obtaining ranking with the mean values of LTFN or RTFN. On the same theme, 
Cochran and Chen (2005), concentrating on the ranking of alternatives, explained the availability 
of many ranking methods, many of which produce identical rankings. Following which, the widely 
used geometric mean of values method is used in this approach. The formula for the geometric 
mean is stated in equation 1. Where, Av. represents average fuzzy number of n triangular numbers 
Of (aw 1. a 10 2. a 10 1 ). where i= 1,2,3 .... n. (Chien and Tsai, 2000) 
=-(aj, a2, a3) ................. cqn. 
As seen earlier, with the identification of fuzzy number TFN, the conversion of TFN and dic 
ranking of TFN, a suitable conversion of fijzzy linguistic values into crisp numbers is rcquircd. As 
a result, table 5.12 (respondent values) are calculated using the TFN equated scale. From the 
obtained TFN values, further numerical calculation gives the value of TFN by applying the 
geometric mean equation (equation 1) to the TFN values obtained. From the obtained geometric 
mean values, the fiizzy evaluation matrix is populated. Ibus, the non-fuzzy values of respondents' 
responses are obtained. 
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Table 5.12 Fuzzy evaluation matrix with respect to the goal 
Q 
Cli q C! n in 
rý n IV ef d9-Z! I- Vý V: ý4a Im S; - co te V4 
E -cot C%i CN Vx 
rý 0Q 
co co c 
3 
'8 ef 0 
w 0. - 2 V- tr Jb cy N ui 9 :9ýwýý 
ui V. %ý A.:?. ýIý Ql sl x S2 Q2 S2 x 83 
Q3 S3 x S4 
Q4 S4 x ss 
Qll sl x S2 
Q12 S2 x S3 
Q13 S3 x S4 
Q14 S4 x ss 
Q21 Sl x S2 
Q22 S2 x S3 Q23 S3 x S4 Q24 S4 x ss 
Q31 Sl x 82 
Q32 S2 x S3 
Q33 S3 x S4 
Q34 S4 x S5 
Q41 Sl x S2 
Q42 S2 x S3 
Q43 S3 x S4 Q44 S4 x S5 
Q51 Sl x S2 
Q52 S2 x S3 
Q53 S3 x S4 
Q54 S4 x S5 Q61 si x S2 Q62 S2 x S3 Q63 S3 x S4 Q64 S4 x ss Q71 Sl x S2 
Q72 S2 x S3 
Q73 S3 x S4 
Q74 S4 x S5 Q81 si x S2 082 S2 x S3 Q83 S3 x S4 Q84 S4 x SS Q91 sl x S2 Q92 S2 x S3 Q93 S3 x S4 Q94 S4 x ss Q101 si x S2 Q102 S2 x S3 Q103 S3 x S4 Q104 S4 x ss Q111 si x S2 Ql 12 S2 x S3 
Q113 S3 x S4 Ql 14 S4 x S5 
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5.13. Scenario-based decision analysis 
Utilizing the data obtained from fuzzy evaluation matrix, sccnario-bascd dccision analysis is 
carried out. This section discusses scenario-based decision analysis in dctail and the proccdurc 
involved. Basically, scenario-based testing instruments are classified as manual and automatic 
testing instruments. Manual testing instruments for archetypes include questionnaires, interviews, 
observations, think-aloud protocols and form-bascd methods. Alternatively, automatic testing 
instruments include software for analysis such as goal programming and AIIP (Schnaars, 1992). 
Section 4.5 identifies the appropriateness of applying both manual and automatic methods. 
Namely, the manual form-based method of SSC and the automatic computcr-based method of 
AHP (Expert Choice). With the above outline knowledge on decision-making methods, the next 
section discusses them in dctail. 
5.13.1. Decision-making using SSC 
Decision makers deal with multi attribute problems all the time and each problem has diffcrcnt, 
sometimes unique, features. As a means of identifying an appropriate decision analysis system, 
individual decision analysis procedures were developed. The attributes involvcd arc the basis of a 
widely used method of criterion-based decision analysis (White, 1969). Hence, critcria arc 
considered as factors in decision analysis. 
Seen through above Sections, all the developed archetypes involve a unique function of 
manufacturing a product and all the products involve certain criteria (Ljungbcrg and Edwards, 
2003, Kakati, 2003 and Coster and Butler, 2005). Therefore, the search was for identifying a 
suitable criterion. This application of the criterion for performance measurement / evaluation is a 
widely recognised and preferred method rather than any other general framework (Suwignjo et al., 
2000). Seen through numerous works, the application of decision analysis using a criterion-bascd 
approach is a widely used method and several works have used multi-critcrion decision analysis 
methodologies (Wang et al., 2004). This widely used application defined the suitability of the 
critcrion-bascd approach in the current sccnario-based decision analysis. Ilcrcforc, rcalising the 
early application of criterion-based decision analysis, focus of archetype scIcction / decision 
analysis is through the application of common factors, products and critcria. 
As decision analysis involves three factors: scenarios, products and critcria for theoretical (form- 
based) decision analysis, a three-dimensional space decision tool is built. Rcfcrring to figure 5.9, 
the axes of the decision space arc determined as criterion, archetypes and products. 71is format is 
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aimed to provide a robust and customisable method of decomposing the scenario / archetype 
selection problem. 
Figure 5.9 System Selection Cube 
c1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
Figure 5.9 is the proposed System Selection Cubc (SSC) for an casv selection procedure of a 
archetype according to product / criterion requirements. The top fiace of'SSC consists ol'archetypes 
(SC I to SC5) prOjected in all the four directions, while, horizontal lines in this phase represents 
vaned product categories (PI - P6) that could be manufactured ill each sccnario. I-ollowing tile 
product lines, the horizontal lines along with product lines in red and vellow (top Cace ofthe cube) 
represents, PT -1 (simple component) and PT - 11 (product involving components), Both the top 
and front faces of the cube consist of criteria involved with products. With the above general 
description of the SSC, the following section discusses the procedure involvcd ill archetype 
selection in detail. 
5.13.1.1. Archetype selection procedure 
In order to select a scenario, two possible straightforward inputs for selection are considered, 
namely, criteria for manufacturing a product and the product itself. This is because, without a 
product, archetype selection could not take place and secondly before selecting a product the 
customer / manufacturer will have some initial criteria (Manecke and Schoenslebell, 2004). Thls 
can be seen in an example, irrespective of product, customers / manufacturer have an initial 
critcrion when looking for a reliable product. 'llius this criterion is a crucial factor invohcd in 
product selection where criteria are represented in terms of the functionality of scenarios. 'I'lus 
interlink between criteria and archetype functionality can also be illustrated with all example. Lct 
"M" be a product and the critical criterion requirement for this product is the distribution of (lie 
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end product. Following which, a thorough analysis of the functionality ofarchetypcs iticntifics a 
suitable archetype that has the capability to distribute the end product, Thus, Ilici-cl)y a archcuvpe 
holding a high emphasis for the criteria of distributing the end product is selected. This illustration 
is evidence of the fact that the cffectivc activity / functionality of' a arclictypc %%ith i-csl)cct to a 
criterion would be able to solve specific criterion requirements. With the above body ot'knowledge 
on criterion and functionalitv in scenarios, work is progressed further for arclictype. sclectioti 
Figure 5.10 represents an overview of the selection process, involving selecting the alicniativcs 
stage-by-stage starting from the top stage. Basically, the selection process is classified into thi-cc 
stages, where stage I involves inputs for archetype selection (naniciv, proKlucts and ciiiction), 
thereby assessing the performance of each archetype with rcsl)cct to product / ciitciton (Hititci ci 
al., 2001)1 stage 2 involves the selection process and stage -3 involves the ItIcni i ficat joll of' a 
suitable scenario. 
Figure 5.10 Archetype selection stages 
Ptoduct 
IhIllmit 
At cite type 
> 
ssc 
Cliteria*s 
S&7qe I St. 7qe2----- 
-- 
Stage /: Inpuls. 1br archetype selechon: As seen earlier, product and criterion are the critical 
factors involved in the identification of' a suitable scenario / arclict. NI)c Follomilp, tllcsc tm) 
necessary parameters, the next section gives brief details regarding Ific product classification uscd 
for archetype selection and the criteria that are available along with flicir suitabilo I'm 
involvement in archetype selection. 
5.13.2. Products as a decision factor 
Scenarios / archetypes are portrayed to analysc the impact ofRM on the stjppl%, ch;, 11, %% (I, 1), ()(111CI 
custornisation as one of the critical factors. ']'his section details RM's proKluct imintiflictming 
capabilities. This is with the possibly grouping of products for inantifilotirc in RM and sonic fillurc 
products that could bc manufactured by RM. 
105 
Cliapter 5 
Product variety is very diverse, for the identification of products that could be manufactured by the 
modelled archetypes involving RM; several approaches were made in classifying products. Major 
uncertainty is found in the product category because of the variety of possible products. Product 
variety has increased dramatically in recent decades; industries have doubled their products 
(Moncmann and BradIcy, 2002). To stay competitive in the market, industries have adopted the 
mixing and matching of products and increased product variety (Liang and Iluang, 2002). In 
addition, customers driving the markets have demanded more products for their custom needs. As 
a result of customisation, a random increase in product variety is absorbed (Bardakci and 
Whitclock, 2003). Although this randomly increased product variety has been classificd by various 
authors from different perspectives according to their requirements (Fisher, 1997, Boyle, 2001 and 
Huang et al., 2002), there is no available definite state of product classification. Although 
available are some product classifications based on technologies like group technologies or 
product flow analysis, which can only be applied within a closed boundary of products. Mile 
making a detailed study of potential products, it was realised that the classification of products in a 
general category is a tedious process and it is a difficult task holding its own research domain. 
5.13.2.1. Products manufactured by RM 
Ile manufacturing trend of the decade is the manufacture of small batch size customiscd products 
and the extreme case of this trend would be the type of manufacture in which a product ordered 
by a customer is manufactured only once (Kasik, 2000, Brown and Bcssant, 2003). With the 
above body of knowledge on products, those that can be manufactured using RM can involvc any 
complex profile requiring multiple materials, hollow volumes and dimensional accuracy (Dekker 
et al., 2003 and Hague et al., 2003). RM is also suitable for a range of product categories that 
involve customisation. However, the constraint involved is manufacturing products according to 
the machine build volume (Cubic size in cm of a manufactured product), The literature indicates 
that customisation fiirther increases product variety hcnce the application of RM in industry 
would lead to a further increase in product variety (Silvcira, 1998, Bardakci and Whitclock, 2003). 
Ilus the product sector or product variety that could be handled by RM cannot be specified 
exactly. What can be said, however, is that any product variety required in low volumes could be 
manufactured by an RM machine (Wholcrs, 2000, Hague et al., 2003 and Dckkcr et al., 2003). 
Recognising the above facts, the archetypes chosen involve the manufacture of rcprcscntativc 
products from primary industry sectors namely: applianccs, automotive, consumer products, 
electronics / computers, general industrial, medical and health care. Further, classifying from the 
supply chain perspective, these products include both standard (functional) and custom (innovativc) 
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hybrid products, as dcfined by Huang et al. (2002), which can be ff=ufacturcd by Ican and agile 
techniques. 
Hence, archetypes for products that could be manufactured by RM can be categoriscd according to 
the following product groupings: 
1. Volume of production. 
2. Build volume (physical dimensions). 
3. E. g. Nano to macro structures for engineering analysis (Pham and Dimov, 2003). 
4. Product involving last-minute changes e. g. Compencritisation (Noble, 2003). 
5. High design complexity (Hague et al. 2003). e. g. Future predicted designs by CAD 
based systems (Beizer, NURBS) (Kasik, 2000), supcrsymmcntry products 
(Tsukarnoto et al., 1995) and complex shapes obtained through hand and voice inputs 
(Cheng et al., 1998). 
6. Physical customisation involving the customer, e. g. Mcdical implants, tissues, 
scaffolds, early prosthetic sockets (Griffith, 2002 and Wcinheim, 2003), micro 
computers, hand held devices requiring custom cases, aesthetic dcsigns for biological 
forms generated through shape grammar, cosmetic skin ctc (Smyth and Wallace, 2000) 
The above-mentioned product groups that are suitable for manufacture using RM should satisfy 
the following requirements. This is in accordance with the supply chain perspective, namely: 
a. Critical products involving ordcr-bounded manufacturing requiring "customisation 
responsiveness squeeze" (Salvador and Forza, 2004) i. e. reduction of lead times for 
tailored products. 
b. Products involving body-fitted customisation to be manufactured at deccntmliscd 
manufacturing sites. 
c. Products requiring a "Prosumer Approach" i. e. customer involved in manufacturing 
the product. 
d. Low-volume products involving make-to-ordcr (MTO) and/or cnginccr-to-ordcr 
(ETO) production policies. This is because; ETO products involve pure customisation 
and require frequent changes in product design (Abdul Rahim and Nabi Baksh, 2003), 
while MTO takes around 54 % of product manufacturing time in the gcncral industrial 
sector Vahnukainen and LaW 1999). 
e. Product involving significant manufacturing sct-up times (Thoncmann and Bradley, 
2002) and with material properties suitable for manufacture using RM. 
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f Products involving dematerialisation and that could be manufactured through 
Internet-based, virtual manufacturing systems at decentralised manufacturing sitcs. 
g. Products requiring a virtual prototype to be sent to the customer before die 
manufacture of the custom physical product. 
h. Products requiring Intemd-based collaborative manufacturing between the customer 
and manufacturer. 
i. Finally, a fiirthcr general constraint is that the products must conforin to RM's 
manufacturing ability. 
17hus, the product categories to be utiliscd in this research work can be catcgoriscd according to 
both RM and supply chain perspectives. Building on the above, the next section discusses in detail 
an alternative factor, namely, critcria. 
5.13.3. Criteria as a decision factor 
T[iis section examines in brief the second input function involved in archetype selection, namely, 
criteria. Customers make demands for manufacturers to meet their product requirements 
(Karkkainen and Holmstrom, 2002 and Huang et al., 2002). In the same context, manufacturers, 
by adopting various means and methodologies, strive hard to solve customer criterion 
requirements (Herrmann and Huber, 1997, Silvcira, 1998 and Huang et al., 2002) in order to meet 
the criterion of being successful and competitive in the marketplace and rcflccting customer 
requirements a wide litcratw-c review involving twenty-one sources, including books and journal 
papers, on the topic of customer and manufacturer criteria on various products has been carried out. 
Ile quality of literature was evaluated in terms like: whether the study objectives and scope were 
clearly specified and appropriate methods were used, as well as whether the findings were logical 
and insightful (Mles and Huberman, 1994). Each paper was read, evaluated and noted in the 
reference database. Despite the effort involved to ensure a systematic evaluation of the quality of 
the literature, this was found to be challenging. Selection of core papers in terms of quality was 
based on an overall assessment against all three of the above criteria, but many of the empirical 
papers did not meet them all. For example, some publications reported studies with sound methods, 
and described extensive data sets but provided limited insights / knowledge. On other hand, other 
publications provided useful insights but had methodological shortcomings. Hence, die reviewed 
literature included some publications that were relevant but did not meet all die quality criteria 
defined above. Certain publications, which had both major methodological problems and limited 
insights, were avoided. Overall, selection identified the appropriate, available literature that 
specifically addressed the customer and manufacturer product requirements. From the identified 
core literature, the frequently occurring criteria in both cases were obtaincd and tabulated (Gill and 
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Allerhciligen, 1996, Hooper, 1996, Magrab, 1997, Jones and Towill, 1998, Kuo et al. 1999, 
Childcrhousc and Towill, 2000, Tamas, 2000, Boubckri, 200 1, Gurau et al., 200 1, Onuh, and I Ion, 
2001, Huang et al., 2002, Royer et al., 2002, Abdul Rahim and Nabi, 2003, Bardakci and 
Whitclock, 2003, Geary et al., 2003, Kumar, 2003, Lancioni et al., 2003, Pulm, 2003, Shcu et al., 
2003, Wicncke et al., 2003 and Johnson, 2007). Table 5.13 shows an individual list of customer 
and manufacturer criteria for products - 
Table 5.13 Customer and manufacturer criterion 
Customer criteria (C) Manufacturer criteria (M) 
C1 Scalability M1 Improving customer service / responsiveness 
on customer order 
C2 Distribution / delivery M2 Distribution (end product reach to customer) 
Quality of products Reducing cost of manufacturing 
C3 Price M3 Lead time reduction 
C4 On time delivery, product variety M4 Improving customisation, Quality Improvements 
C5 Reliability, custornisation, M5 Inventory reduction / Improving Information 
availability Systems 
Ca Purchase convenience/ Me Reliability / Flexibility / Increasing product 
Technological advancement variety 
Branding 
(Note: Refer appendices B (questionnaire) for defi nitions) 
It was recognised from table 5.13 above that the customer and manufacturing criteria for products 
vary from product to product and again vary according to the manufacturer and customer involved 
(Kakati, 2003, Ljungbcrg and Edwards, 2003, Costcr and Buticr, 2005). On other hand, every 
product has its own winning and qualifying criteria, which again varies according to manufacturer, 
customer and the product itself (Kakati, 2003). With the facts shown in table 5.13, above, the 
criteria arc grouped according to customers and manufacturers and are limited in number to 
facilitatc decision-malcing at a later stage. 
Since manufacturers' criteria reflect customers' criteria, manufacturers" criteria are considcrcd in 
this research. The relationship between product criterion and product functionality is identiricd. i. e. 
a customer purchasing a product holds some specific criterion and selects his criterion with respect 
to product functionality. This is explained with an example; a customer purchasing a hard disk has 
requirements (criteria) like 40 GB in capacity and fxx cost. He analyses various brands of hard 
disk for their functionality; e. g. 20 GB, 40 GB, 60 GB ctc, and selects his criterion requirement of 
40 GB from the provided specifications of hard disks. Here, a specification 40 GB of hard disk 
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represents a hard drive that can ffinction by storing 4CGB of data. This conveys the fact that the 
functionality of a product and its specification (criterion) are closely related. Similarly, this 
research involves selecting manufacturing criteria with respect to the functionality of the scenario. 
Evaluating alternatives at each phase requires knowledge of the kind of criteria that are to be 
considered and the relationships between these criteria, desirability levels and outside factors 
(White, 1969). With the above knowledge, the relationship between the functionality of the 
product, the manufacturer's criteria (rcflccting customer criteria) and product functionality are 
considered. The specifically selected functionalitics and criteria in the current research work are 
detailed in the questionnaire (Appendix B). Critical views are obtained from respondents, as to 
how well each archetype functions with respect to these criteria and its product manufacturing 
capabilities. After the views on the archetypes had been obtained, a tool kit for archetype selection 
was developed. Following the boundary for products and criteria, the goal of identifying a suitable 
archetype for product / criterion requirements is progressed further. 
5.13.4. Form-based decision analysis 
With the research objective being to develop a selection approach which is simple for users to 
understand and applied without academic expertise (Bititci et al., 2001), a form-bascd, dccision- 
analysis system is developed. This section details the procedure involved in archctypc selection by 
adopting form-based, decision-analysis method. 
Stages 2 and 3: Referring to figure 5.10, with the identification of a suitable product / critcrion, 
stage 2 is progressed. i. e. dccision analysis on archetypes for the identification of a suitable 
archetype for the corresponding inputs. Figure 5.11, represents a form-bascd archetype selection 
process. Discussing in detail, archetype selection progresses with the identification of a suitablc 
product that could be manufiacturcd using RM. Product selection is according to RM's product 
manufacturing capability (Section 5.13.2.1). On identification of the product, selection progresses 
with the identification of the product type i. e. a simple component or a product involving 
components, followed by two major sections of the archetype selection process. 71c primary one 
involves archetypes relating to customcr-involvcd manufacturing and the manufacturcr involved in 
manufacturing the product while, the secondary section involves sclcction based on product or 
criterion. Data obtained from experts (table 5.12) relevant to product / criterion is detailed 
graphically. By analysing the relevant graphs (from figure 5.11), decision analysis of archetypes 
is undertaken. 
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Figure 5.11 Form-based archetype selection process. 
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This section discusses in detail about the archetype selection process with the aid of an example 
product 'T". As decision analysis on the archetype starts with the type of production (i. e. 
customer-involved manufacturing or manufacturer-involved manufacturing), selecting "No" for 
customer-involved manufacturing identifies the options of the manufacturer involved in 
manufacturing archetypes namely, hub-based manufacturing (SC 1), mobile manufacturing system 
(SC2) and RM in service industry (SC3). Alternatively, selecting "Yes" identifies customer 
involved manufacturing archetypes namely, RM as a retailer and manufacturing at kitty corner 
hubs (SC4) and RM in housing colonies and home based manufacturing (SC5). 
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Figure 5.12 Form-based archetype selection process - type 1 
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Here, let us consider product 'T", where it requires manufacturer to manufacture the product. As 
seen earlier selection of "No" for customer involved manufacturing dircoly eliminates two other 
possible archetypes involving customer in manufactur"Ing the product. 'Ilicrefore. for case in 
understanding the bottom portion of figure 5.11 is omitted and explanation is with the selected top 
portion. Figure 5.12 (top portion of figure 5.11) provides an explicit view of archetype selection 
process. Discussing the selection process in sequence, red coloured ellipse details the combilled 
stages involved in product variety cube and product based selection, while, blue coloured ellipse 
details the specific product based selection process. 
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Figure 5.13 Product based selection 
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Describing in detail, figure 5.13 represents an enlarged view of the data involved in the product- 
based method (blue ellipse in figure 5.12). It shows that the product based selection consists of a 
graphical representation of product criteria distribution with respect to archetypes (obtained 
through questionnaire), a product type selection block (bottom left) aimed at identifOng 
archetypes according to product type (i. e. component or product) while, their respective values are 
marked in the critical units table. 'flits is because every individual archetype holds specific 
properties of manufacturing a component or product in them. 'Me product based selection also 
consists of a standard product criteria requirements table along (left hand side) with a prioritý-Ievel 
table, where the decision maker can priontise his choice of selection. '17he mid section is the 
evaluation box, where the decision maker's thoughts on the product for archetype selection can be 
transferred. Following this is the critical-units table. It is used to gather selection values and finall., 
the accumulated critical unit's ones holding a higher value obtain the preference ranking order in 
the rank table. 'nie arrows with numbers represent the sequence of the selection process (1 -5). 
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Figure 5.14 Product based selection - stages I and 2 
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Following a detailed description of the product based selection, the procedure allowing it to be 
used for archetype selection is as follows. Refcri-ing to figure 5.14, two stages Involved in 
selection of a suitable archetype is described with the help of this figure. where stage one of 
selection is highlighted in blue and stage two in yellow. Before progressing to selection process, 
the essential product details required for selection arc noted. Since, archetype selection starts with 
the product type selection, it is required is to identify the product type, i. e. whether the identified 
product is either component or a product involving components. Here, let us consider the example 
product "P" as a single component. Moving to stage one of selection (blue box), the product type 
selection box details the possibility of manufacturing a product in archetypes. SCI to SO arc 
suitable for the manufacture of components and products while, SC2 is not suitable for tile 
manufacture of products. I'licreforc, following arrow 1, all the product type columns (critical units 
table) are marked with value 'A". 
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Moving to the next stage (yellow box), the decision maker's required prionty level on "product 
criterion requirements" for the example product "Vare tabulated, it is irrespective of the standard 
table. Let the decision maker's required priority levels be 4,2,1,3,6. and 5 and their 
corresponding evaluation emphasis be small, strong, strong, medium, small, and small. Here, 
along with priority levels a further evaluation emphasis (qualitative data) is obtained. I'lus is 
because, to make archetype selection further precise. Tlicrefore, with respect to decision maker's 
product priority-levcl ranking, the corresponding evaluation table (mid section) is evaluated with 
qualitative values strong, medium and low, represented by arrow 2. 'Illis explained with the aid of 
example product 'T", as "build volume" holds fourth priority (ranked 4 in the priority level table), 
the corresponding product critenon according to the evaluator's emphasis (strong, medium and 
small) is marked in the evaluation box. Here, since the evaluation emphasis for "build volume"' is 
"small" it is marked in the evaluation box (row 1, column 1). Adopting the similar procedure, all 
the values are tabulated in the evaluation box. 
Figure 5.15 Product based selection - stages 3-5 
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Upon filling up the evaluation box, selection is progressed to stages 3 and 4. Figure 5.15, red box 
details stage 3 and 4 of product based archetype selection process. Detailing stage 3, in accordance 
with the priority level and with evaluation emphasis, values representing the feasibility of the 
archetype selection in "standard product level distribution table" (top graphical distribution table) 
are studied. Higher the product level value in the graph, the stronger is the applicability for 
manufacture of the respective archetype. For ease of selection these graphical values arc tabulated 
numerically with respect to product criterion. 
Table 5.14, details the values of the priority distribution table (graphical representation in figure 
5.15) representing values as low, medium and high. Explaining in detail and rcfcrring to figure 
5.15, the priority distribution graph for product criterion I has a higher value of 0.755 and a lower 
value of 0.067. The maximum value 0.755 is divided into three equal parts (0.755/3) and cach part 
is 0.251. Thereby, the individual parts obtained represent a boundary, namcly: valucs 0 to 0.251 
are the lower boundary representing evaluation value 'low', values 0.251 to 0.503 represent 
'medium' and values 0.503 to 0.755 represent 'high'. 
Following the calculation, a suitable archetype is selected for evaluation. Explained further from 
figure 5.15, for the considered product "P" the evaluation for "build-volumc" in the evaluation box 
is "small", rcfcrring correspondingly for "build volume" product critcrion I in table 5.14, the value 
of "small" is between 0 and 0.251. Now moving to archetype selection, reading from figure 5.15 
(graphical distribution), all the archetypes are within the range 0 to 0.25 1. As a result, all the 
archetypes are marked in column one of the critical units table. Progressing to the next stage of 
selection, the evaluation criterion 2 for "product customisation" is "high"; now rcfcrring to table 
5.14, the value for high is between 0.294 and 0.441. Correspondingly rcfcrring to the distribution 
table, this identifies archetypes I and 2 as failing within this range. As a rcsu]4 archetypes SC I 
and SC2 are marked "X" in the critical units table. 
Table 5.14 Boundary values for products 
Product 
Criteria LOW Medium Ifigh 
1 0 . 251 <> . 503 <> . 755 
2 0 . 147 <-. -.. -> . 294 <....... > . 441 
3 0 . 155 <....... > . 310 <> . 466 
4 0 <> . 244 <> . 488 <> . 733 
5 0 . 222 
<> 
. 444 
<> 
. 667 
6 0 < ------- > . 236 
<- *> . 473 
< -> . 709 
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Following the same procedure, all the product criteria requirements are marked in the critical units 
table. Progressing to the final stage of the product-based selection (green box), arrow 5, the results 
of 'A" for respective archetypes are accumulated and ranked in the critical units table. Here, the 
values are SC I=6, SC2 =7 and SO = 5. Tbc higher the accumulated value for a archctype, the 
higher is the ranking. As a result, for the current example product 'T", the identified ranking of the 
archetypes is; SC2, SCI and SC3, which represents the archetype's suitability for manufacture of 
the exwnple product "P" 
Figure 5.16 Form-based archetype selection process - type 2 
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An alternative to product-based selection is the criteria-based selection, represented in figure 5.16. 
Purple ellipse details the stages involved in criteria based selection process where, the criterion for 
a product are analysed against archetypes and a suitable archetype for the given criterion 
requirements is identified. 
Figure 5.17 Criteria based selection 
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An enlarged view of the criteria based selection is detailed in figure 5.17. It comprises the data and 
selection table for the criteria based method. This is along with the standard criteria requirements 
table combined with a priority level table (Icft side). The mid section is the evaluation box, where 
the decision-maker's values for the criteria for archetype selection can be transferred. Following 
this is the critical units table, used to gather selection values and finally, the accumulated critical 
units holding a higher value obtain the preference ranking order in the rank table (bottom). The 
graphical representation (right side) details the pnority distribution of the archetypes with respect 
to the criteria. Arrows with numbers represent the sequence of the select ion process ( 14). 
Detailing the construction method of the criteria based selection process, the procedure involved in 
archetype selection is as follows. Referring to figure 5.18, first stage of archetype selection is 
highlighted in pink colour. 
Figure 5.18 Criteria based selection - stage I 
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Describing selection process with the example product "P", let us consider thc decision maker's 
criterion priority levels for the product "P" as 6,1,4,8,2,3,7, and 5, and let their corresponding 
evaluation emphasis be small, strong, small, small, medium, medium, small and small. These 
values are tabulated correspondingly within evaluation box (highlighted in pink). Explaining 
ftirther, for product "P" let the criterion environmental awareness hold sixth priority (ranked 6th in 
the priority level table). Here, as the evaluation emphasis for this being "small" it is marked in the 
evaluation box (row 1, column 1). Adopting the similar procedure, all the values arc tabulated in 
the evaluation box. Upon filling the evaluation box for the priority levels and evaluation emphasis. 
archetype selection progresses to next stage. 
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Figure 5.19 Criteria based selection - stages 2-4 
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Figure 5.19, green box details stages 2 and 3 of criteria based selection process. Discussing about 
the graphical representation in figure 5.19, X-axis details the priority distribution of the criterion 
level in the corresponding archetypes, while the Y- axis represents the criteria. As seen through 
the product-based selection method, each archetype holds certain priority levels according to their 
respective criterion and the evaluation box is represented with symbolic evaluation values. 
Following this, as seen earlier in product-bascd selection, a mathematical calculation is made to 
obtain the critical values for the archetypes, which will aid in selection. ne distribution values are 
used to generate three boundaries for the evaluation parameters, 'strong'. 'meditim' and 'low'. 
Table 5.15 details the boundary values. 
Table 5.15 Boundary values for criteria 
Criteria Low Medium High 
1 0 < . 247 < > . 494 < > . 743 
2 0 < > . 210 < > . 420 < > . 630 
3 0 < > . 161 < -> . 322 < > . 484 
4 0 < .. .> . 192 
< > 
. 
384 < > 
. 577 
5 0 <-- > . 
206 < > 
. 412 
< > 
. 618 
6 0 < > . 221 < -> . 442 < > . 665 
7 0 < > . 199 < 
> 
. 397 
< > 
. 596 
8 0 > . 224 
< > 
. 448 
< > 
. 
672 
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Following the calculation, a suitable archetype is selected for evaluation. This explained further, 
progressing to stage 2 of the archetype selection, with respect to the symbolic evaluation in the 
evaluation box, the data in table 5.15 produces the value "X", which is plotted in the critical units 
table. This explained with the aid of example product "P": the criterion "environmental 
awareness" holds an evaluation emphasis as "small". Referring to table 5.15, for this criterion 8 
the value of small is studied. The corresponding "small" lics between 0 and 0.224, therefore, by 
concentrating on the graphical distribution table, the archetypes with values 0 to 0.224 for criterion 
8 are identified. This identifies all the archetypes, therefore all the archetypes arc marked with the 
value 'W' in the critical units table. Adopting a similar procedure, the critical units table is 
completed for all the criteria values. Progressing to stage 4 of the archetype selection, the values 
corresponding to each archetype are accumulated in the critical units table. T'his gives SC I-5, SC 
2=8 and SC 3=7. The higher the accumulated value for a archetype, the higher is its ranking. 
Tbus, archetype selection through critcria-based study identifies the archetype suitability as SC2, 
SO and SC I for the given example product 'T". 
As seen in figure 5.11, a combination of product- and critcria-bascd selection is also possible. For 
this method, initial emphasis is on the product to be manufactured. For that, the idcntification of 
the product or component to be manufactured is required. Ile corresponding product / component 
details are tabulated in the product based selection table, this is with the priority ranking for 
product priority level and criterion priority levels individually. Following this, the corresponding 
evaluation table is to be filled according to the respective rankings and critical values with the aid 
of the product / criterion distribution graph. Adopting the above procedure, critical values arc 
marked and finally summated on both product and criterion critical values, thereby giving a 
ranking of the archetypes. Repeating the same procedures of product / criterion or combination for 
both the alternatives for product manufacturing, a suitable archetype for the customcr-involvcd 
manufacturing method can be identified. Ile above-mcntioned procedure identifies a suitable 
archetype with an easily approachable, fonn-basc. d method of theoretical analysis with SSC. On 
other hand, in order to find any deviation in the results obtained by theoretical analysis a 
simulation method is used. Ile next section involves the application of a computcr-bascd 
analytical method. 
5.13.5. Analytical Hierarchal Process 
AHP is a widely discussed method which uses a computer-based archetype / scenario selection 
process (simulation method) for multi-criteria decision methods relating to multiple-dccision 
problems (Abdi and Labib, 2003). With the current situation involving multi-critcria decision- 
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making to identify a suitable scenario, this method is used. Both theoretical and simulation 
methods are required for decision analysis on scenarios. Further, for overcoming possible errors 
and to overcome the reduction in decision accuracy level, the AHP analytical method is used. 
Application of AIHP is for the interpretation of archetypes as alternatives with a focus towards 
achieving the goal of identifying a suitable alternative (Wang et al., 2004). Multi-criterion 
decision-making based on the evaluation of the relative importance of critcria for altcrnative 
archetypes is performed and the goal is achieved in the simulator. 
The AHP model is intended to support management and manufacturing strategies on planning and 
(re-) designing the supply chain structures over their planning horizons. In this way, the optional 
design strategy can be defined as "a plan for the RM system to meet long-term manufacturing and 
service objectives, possibly leading to an RM-cnablcd cfficicnt supply chain solution". In 
particular, the AHP model is examined by using "Expert Choice" software, used to assist in 
sclecting the most appropriate archetype (supply chain structure) from a set of feasibic alternatives. 
By functionality, the developed AHP model consists of the following steps in facing the problem. 
Step I Set the product requirements, criterion and alternatives for evaluation of the goal 
(identification of suitable afternative). 
Step 2 Structure the decision hierarchy leading to archetype choices that are most 
feasible and best suited to the nature of the criterion requirement. 
Stop 3 Evaluate and perform the rating of each criterion or product and alternative with 
respect to pair-wise comparison of afternatives. 
Step 4 Determine the weight or Importance of each attribute with the support of expert 
opinions obtained through questionnaires and then narrowed through a fuzzy 
Arithmetic approach (values obtained through respondents table S. 12). 
Step 5 Rate the alternatives and analyse the solution with respect to the changes of 
importance in priority level. 
Step 6 Determine the strategy for selection of the most suitable archetype (supply chain 
structure) according to percentile level of criterion requirements and product 
requirements. 
An AUP model is proposed to systematise an early design strategy for the idcntirication of a 
suitable altcrnative for the required product and criterion. Strategic parameters for this model arc 
hierarchically catcgorised into three levels as follows. 
Level 1: Archetype horizons (alternatives) 
Level 2: Criterion and objectives 
Level 3: Decision makers 
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Ile model is intended to consist of parameters that are strategically valuable to many decision- 
makers. In this respect; the hierarchy for selection includes a goal, objectives and criteria, while 
the parameters include product, criterion requirement and manufacturing methods. The levels are 
briefly discussed below. 
Level 1: Archetype horizons: Archetypes stand as an influencing factor for the selection of a 
suitable alternative. Early developed archetypes are grouped separately into customer- and 
manufacturer-involvcd manufacturing archetypes and itcmiscd. Both the groups adopted a similar 
procedure of archetype selection and assessment. Tlis proceeded by a pair-wise comparison of 
each alternative within the group, corresponding to individual critcria. Comparison results are 
elicited with expert people influencing the decision process. 
Level 2: Criterion and objectives: Critically, these arc the strategic objectives towards identifying 
the benefits of RM in supply chains. Focus is by developing different supply chain structures as 
archetypes and measuring how RM performs in each of these archetypes individually. Assessment 
of RM in the supply chain is carried out by identifying some key performance indicators enabled 
by RM, which are of critical importance for the supply chain. T'his is in order to facilitate an 
accurate decision analysis for finding the research objective and for the identification of a suitable 
alternative scenario. The strategic objectives arc broken down into relevant critcria and products as 
follows: scalability, responsiveness to customer orders, customisation, service quality, potential 
low inventory, lead time reduction, structural weakness, environmental awareness and system cost. 
Brief definitions of tWs individual criterion arc described in the questionnaire described in the 
appendix B. 
Level 3 decision-makers: The AHP model emphasizes the idea of dccision-making by using the 
input data from experts, considering professionals from various fields and cxpcrts critically 
working in this type of problem-solving and analysis situation. Referring to table 5.7, it can be 
noted that each of the experts / decision-makcrs is an experienced person working in an area 
relevant to this type of work. 
5.14. AHP-involved decision analysis 
The proposed AHP application is generic in structure and assists in the identification of a suitable 
archetype amongst alternatives. The assessment process starts with experts making pair-wise 
comparisons between archetypes with respect to criteria in order to prioritise the impact of critcria 
on each scenario. As seen in Section 5.13.5, the next proccss is to comparc objectives and the 
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criterion values provided by experts. This is to get a precise analysis for each criterion in the 
structures of the supply chains involving RM as portrayed in the scenarios. Ile purpose of this 
section is not to calculate the exact analysis of different choices of scenarios, but rather to find the 
general benefits of their trends whilst changing cntcrion prionty levels. Some important issues 
related to the results obtained from the "Expert Choice" software for each criterion of different 
manufacturing types are discussed as follows. Discussion is progressed from nialitilacturer- 
involved manufacturing archetypes to customer-involved manufacturing sct. -mrios. Concentrating 
on either of the methods, there arc two broad approaches to decision analysis nanielv: product- and 
criterion-based approaches. In analysis involving AHP, the goal, alternatives and objectives are fed 
into the AHP "Expert Choice" software. This is along with the values obtained by experts. wherc 
decision analysis has been carried out. The following section discusses in detail the use of AHP for 
the decision analysis. 
5.14.1. Man ufactu rer-involved manufacturing 
As this method involves choice in decision analysis, where decision analysis can involve product- 
based or criterion-based approaches, the initial concentration is on the product-based approach and 
this is followed by the criterion-based approach. A general analysis of the archetypes has been 
undertaken for both product-based and criterion-based approaches to obtain an idea of the 
application of ARP in the identification of a suitable scenario. Following a general analysis. the 
product-specific analysis using AHP is undertaken as described in chapter 6. 
Focusing according to the 
research, critical research 
parameters are considered. 
These are: customisation, 
lead-time and inventory 
reduction. With the 
application of AHP, expert 
judgment and priorities with 
respect to these factors on 
alternative archetypes arc 
analysed. Referring to figure a 
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5.20, for measuring the suitability of a archetype for high product custoinisation, dic factor 
customisation is increased in the AHP "Expert Choice" software. Following the change in priontv 
level for product customisation, the corresponding values are calculated and the suitability of 
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Fic3ure 5.20 Customisation (sensitivitv analvsis) 
Chiq)fer 5 
archetype application for the priority level is displayed. Figure 5.20, rcprLscnts the ranking of 
alternatives (scenarios) for the factor customisation using the sensitivity anaIvsIs graph, where the 
lines in different colours represent the respective archetypes and the variation in the graph 
represents the corresponding effect on other factors with the change in prionty level of' product 
customisation. Referring to figure 5.20, this analysis, identifies the following ranking orderý I lub- 
based manufacturing > Mobile manufacturing system > RM in service industry. 
Alternatively, the dynamic analysis, figure 5.21, details the percentile level of die customisation 
criteria, while the other criterion levels arc zero. As there is a good chance that the performance 
measure will change (Bititci et al. 2001) with respect to product, criterion, customer and 
manufacturer, dynamic analysis is used. Here, the changes in performance measure can in be in the 
form of percentile levels of Roure 5.21 Customisation Wriamic anaivsis) 
priority requirements. i. e. X 
% of customisation, Y% of 
lead-time reduction etc. Here, 
the percentile input of 95.1% 
,, 
(ý f . ". 1, ". VVII 0ý. w 
Cot ph,. _a 
OX tjý 
D* AlAk, 4. d--W -A-ý on product custornisation with 
other values being zero, 
represents the percentile 
suitability of the application 
of corresponding scenarios. 01 *1 41, 
Namely, 44.1% Hub-based 
manufacturing scenario, 30.1% suitability of Mobile manufacturing system archetype and 25.8% 
suitability for the RM in service industry scenario. 
Following the above- 
mentioned approach, the same 
procedure is repeated for the 
criterion, inventory level 
reduction. This change in 
preference of criteria also 
changes the ranking order of 
scenarios. Here the priority 
level of customisation is 
dropped to zero and the 
inventory level is increased. As 
Ficiure 5.22 Potential low inventorv 
', FWft": PmfWm- 
-Ulu 
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seen in Figure 5.22, the sensitivity analysis details the ranking order, RM in service industry 
Mobile manufacturing system > Hub-based manufacturing. Figure AI (refer Appendix C), 
dynamic sensitivity analysis details the percentile influence of criteria low inventory namely 
95.1%. While, on other hand details the percentile suitability of alternatives 48.4 % RM in service, 
42.3 % Mobile manufacturing and 9.2% Hub-based manufacturing. 
When the focus of this research 
is on lead-time reduction as the 
critical parameter, by bringing 
all the other parameters to zero 
and maximising the Icad-time, 
the change in choice is 
identified. Figure 5.23, 
sensitivity analysis identifies 
the ranking namcly, Mobile 
manufacturing system > RM in 
Fioure 5.23 Lead time reduction 
48 
30 
29 
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service industry > Hub-bascd bft ... kwa- W"V4 MR 61M I 
ý11 
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manufacturing, while dynamic analysis, figure A2 (refer Appendix C), givcs the percentile 
suitability of archetypes for this stated criterion level, namely, 57.7% suitability of Mobile 
manufacturing system, 34.2% suitability of RM in service industry and 8.1 % suitability of I-lub- 
based manufactunng. 
As an altemative to the 
analysis of individual values, 
a combined analysis of the 
cfitical parameters with equal 
values is undertaken. Figure 
5.24, sensitivity analysis, 
provides the ranking of 
alternative archetypes for this 
combined critenon of nearly 
equal values i. e. Mobile 
manufacturing system > RM 
in service industry > Hub- 
Fic3ure 5.24 Neariv eciual values 
Go 
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based manufacturing. Visually, as there is little deviation between Hub-based first and second 
ranks, dynamic analysis is undertaken. Figure A3 (refer Appendix C), details the percentile 
applicability of the Identified ranking archetypes i. e., 50.0%, 41.3% and 8.7%, respectively. 
As the analysis of every individual Fioure 5.25 Cost anaivsis 
criterion at varied levels is rZ. -r. T; jj, rjT. m WTm. I; mI -M 
beyond the scope of this 
File Or-tiorG -ools Whcbw 
jI VILIJIx 
research, only the critical areas -as"A. 6% 
of focus and few analyses were 89A No M SWE 
discussed. Realizing the IM PGOSOW low gal 
9% LmwW dw ' I* 
importance of system cost 
8% 
(dcfincd as the cost involved in ý- I- 
setting up and running the mom , 
system) involved for the at, 
installation of rewective 
-Iolxl 
archetype structures, a cost 9-9g* 6,11: Got Mwwaftw kv*Ad - OWN Medwed, 
analysis of the alternative archetypes is made. With the difficultly of obta' data on the ining numeric 
cost involved, comparative analysis is used. This is by maintaining the other parameters as zero 
while maximizing the system cost. Figure 5.25, dynamic anak'sis. details the cost involved. 
namely; Hub-based manufacturing > Mobile manufacturing system - RM in service industry and 
the corresponding percentile suitability. 
Following the generic and critical parameter analysis of the manufacturer-Involved in 
manufacturing scenarios, the following section discusses the second method, customer-Involved 
manufacturing. 
5.14.2. Customer-involved manufacturing 
In customer-involved manufacturing scenarios, the initial focus is on customlsation as the research 
parameter. Adopting the same procedure, all the other values are maintained as zero and product 
customisation is increased. Figure 5.26 represents the sensitivity analysis graph showing the 
preference as; RM as a retailer and manufacturing at kitty comer hubs > RM In housing colonies 
and home-based manufacturing scenario. 
The sensitivity analysis graph produces a graphical display of priority and a dynamic analysis of 
the same is visualised. Figure A4 (refer Appendix Q, represents the dynamic analysis graph. 
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detailing for 77.9% product 
Fic3ure 5.26 Product customisation 
custornisation represents the File Qtorvi twis Wirxim 
suitability of 'RM as a retailer 21ýýISI 
and manufacturing at Kitty 
Comer hubs' holding a value of 
83.3%. 
Discussing the customer- 
involved manufacturing 
archetypes on a cost basis, '0 11 in 
sensitivity analysis, figure 5.27, .L Pllduý, ý-ý Phv-. k. - V M11.1'. fluid valu- 0--dio-AwIlty V t, 
shows that the cost of 'RM in landi Me" 
housing colonies and home-bascd manufacturing" is higher as cornparcd to 'RM as a re(allcr and 
'manufacturing at kitty comer hubs'. On the other hand. dynamic analysis with a critcrion lCvCl of' 
system cost at 77.5% identifies 'RM in housing colonies and home-bascd manufacturing' is 33.4 
% higher than 'RM as a retailer Ficiure 5.27 Svstem cost 
and manufacturing at kitty 
J: zf VILI-T! x) 
comer hubs', figure A5 (refer Uhl% 
Appendix Q. 
With the wide descnption of 
archetype selection in both 
automatic and manual methods 
in ideal conditions, the next 
chapter concems the archetype 
specific condition and a 
detailed case study. 
5.15. Summary 
I" M. 6 
11ils chapter has attempted to answer the research questions aroused at the end of' thc litcraturc 
review. By following the objective of developing suitable supply chain structures as arclictypes. 
this chapter focused in identifying the advantages and disadvantages of' RM in supply chain. 
Adopting different archetypes, the point of customer interaction in tile value chain is varied and 
the possible degree of custornisation that could be obtained from RM in tile dcsigil stagc is studied. 
Utillsing a developed questionnaire, the possible improvements to supply clunn peribrinance 
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involving RM as a manu&cturing machine is projected. Finally, by integrating c-com application 
within supply chain containing RM, the possibility of c-com integration is projected with a 
measure to improve digital product distribution for frequent distribution of custom manufacturcd 
products. 
With the lack of specific measures in studying the focus of RM in die supply chain and according 
to the research objective a detailed study is made of possible methodologies that could be applied 
in this research. A developed questionnaire was provided to cxpcrts to obtain tlicir views on RM's 
manufacturing capability and to identify RM's potential in the supply chain. 71is is followed by 
self-testing of the research instrument, the questionnaire, and identifying tile reliability of tile 
results obtained. As the respondents' opinion on archetypes and RM is within Ole acceptable limits, 
the data obtained is considered to be suitable for further analysis. With the research and Ole 
questionnaire responses being focused towards the future, Ole possible uncertainty was rcmovcd 
through the application of triangular fuzzy numbers. 
As application of all the available archetypes for manufacture of a product is difficult, there is a 
requirement for a suitable scenario / archctype-based decision analysis systcm for this analysis. 
With products as an essential factor in sccnario-bascd decision analysis and every archetype 
involves the manufacture of a product, products arc classified. Classification is according to the 
research context of RM's product manufacturing capability. With the criteria being an altcrnativc 
factor in the decision analysis of scenarios / archetypes, they arc grouped according to die research 
perspective. Following the identification of suitable products and critcria, decision analysis is 
carried out in order to identify a suitable archetype. 
Decision analysis on archetypes has progressed from the use of manual to computcr-bascd 
analytical methods. In form-based decision-analysis method, decision analysis is formulated in 
stages. With the possibility of decision analysis by product-bascd method and critcrion-bascd 
methods, descriptions of each method is explained along with the procedure involved in archetype 
evaluation and the ranking of archetypes. Following the selection of a suitable sccnario through 
form based decision analysis method, AHP method is applied. Tbcrcforc, following a detailed 
study of decision analysis systems in this chapter, the next chapter discusses their application in 
detail along with the validation of the decision-analysis system. 
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Chapter 6. Case Study Analysis 
6.0. Introduction 
Manufacturing and supply-chains are becoming more volatile. The need for logical and structured 
links between business strategy and manufacturing is a critical requirement, which is rarcly 
achieved formally. In the context of selccting a business strategy and manufacturing, Puttick 
(1986) reported that a common question posed by chief executives was "What technology or 
technologies should I buy to achieve my business objectives". Tbcsc qucstions are posed in the 
context of achieving increasingly demanding business objectives. Dcvclopmcnts in manufacturing 
and the competitive environment demand new requirements for decision support tools. Focusing 
on this theme, this chapter discusses the application and validation of the tool kit developed above 
to identify a suitable supply-chain archetype for the manufacture of a product using RM. 
A dccision-making system has been developed to guide practitioners to identify the most 
appropriate supply chain archetype for their product type. This is in an cffort to avoid or overcome 
costly and incfficicnt mismatches. A case study is used to illustrate the application of the decision- 
making tool kit. This chapter specifically addresses the step-by-step procedure involved in 
dccision-making. It also demonstrates the suitability of the dccision-making system while 
explaining the application of RM in the case study product. Building on the work described in 
chapter 5, this chapter sets out to validate the dccision-making methods involved in Otis research. 
In chapters 3 and 5 above, scenarios arc described to rcprcscnt the supply chain archetype 
involving RM. With no specific decision analysis method that could be applied to archetypes 
separate decision analysis tools have been developed. A form-bascd decision analysis system, SSC 
was developed. This in particular meets the dynamic needs of decision makers, which include 
flexibility in adding new data items and modifying existing ones. The form-bascd dccision 
analysis organises the results in tables or in more general lists that can be casily scrolled. 
Alternatively, to cross check the developed decision analysis system, the widcly-used, decision- 
making software, AHP, was used. 
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Analysis of the decision system is through a single case study, which looks into the application of 
RM in the case study product and fijrther focuses on the improvement strategies of RM, In the case 
study, the product focus is for improvements from both the customer and manufacturer 
perspectives and the current difficulties involved in the case study product are analysed and 
portrayed. Further, as a means of providing improvements in the manufacturing systcmý present 
day manufacturing and supply chain strategies are studied in detail. Finally, this chapter ends by 
detailing possible RM applications to the case study product and analyses the SSC and Al iP based 
decision-making methods, along with archetypes applicability to the context of this research. 
Decision support system 
Scenarios, developed as instruments to deal with an uncertain future in an orderly and traceable 
manner, are represented by means of different macro-lcvcl supply chain structures. Every 
individual structure involves the manufacture of products with the application of RM treated as the 
manufacturing machine. The manufacturing capability of RM allows it to manufacture many 
different products and the functionality of every individual archetype developed, viewed as supply 
chain structure, is efficient for a certain product type. However, the application / selection of all 
the archetypes is not possible therefore one suitable archetype is required. Focusing on this 
context, the search is for a suitable measure or decision analysis system to identify the suitability 
of a archetype for a certain product type. 
Pomcrol (2001) ckims that decision theory offers a framework to provide decisions under 
uncertain situations. These decision support systems can be cidicr proccss-oricntcd or outconic- 
oriented. Process-oriented systems involve continuous decision processes, %vlicrc the identification 
of a decision leads to another decision analysis. In outcome-oricntcd systems, a dccision analysis 
process leads to a certain end product or result being obtained. Since currcnt decision rcquircmcnt 
model requires one end result, an outcome-oricntcd decision support system is applied. Discussing 
decision models, Wren et aL (2004) detailed the steps involved in dccision-making, namcly, 
rccognising the problem, identifying objectives, establishing critcria, gadicring data, gencrating, 
evaluating alternatives and making a final choice. Utilising thcsc initial stcps of decision making, 
this chapter involves the final method of evaluating the alternatives and providing a measure that 
allows the selection of a suitable supply chain structure (scenario). 
Following the steps in decision-making outlined by Wrcn et al (2004), flic currcnt decision- 
making process is progressed as follows. That is, identifying the problcm Minition and objectivcs 
it is followed by gathering data, generating altcrn: itivcs and evaluating die altcmativcs, Ibc 
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selection of an archetype is aimed at identifying a suitable archetype for a product because not all 
the archetypes are efficient for the manufacture of all the products. Further, decision analysis 
applied to archetypes is not only carried out to identify how well RM will benefit the supply 
chains, but it is also performed throughout the whole process of design. Several critcria such as 
lead-time, inventory, customisation and other attributes arc evaluated. That is, adopting a case 
study, customisation possibility, lead time and inventory reduction capabilities are analysed. 
Ilic following section details the decision analysis processes and the application of the developed 
decision analysis toolkit for the selection of a suitable archetype to act as a case study. 
6.2. Case study 
Seen through Section 5.13.1.1 the product is an essential parameter for decision analysis. As RM 
can manufacture any type of product, but, before the selection of a product for manufacture, it is 
necessary to identify whether the product is suitable for manufacture using RM. In this context, 
this section involves the identification of a case study product that falls within RM's 
manufacturing capabilities depending upon the research requirements of customisation, lead-time 
reduction, inventory reduction and, finally, the product. 
6.2.1. Identification of a suitable product 
As with any research focussing on the future, the future customer product rcquircmcnts wcrc 
studied and product customisation was idcntif ied as a necessity (Soliman and Yousscf, 200 1). 1110 
manufacturer requirement is to reduce inventory and Icad-timc. Concentrating on the above factors 
of customisation, lead-time and inventory, health care is identified as one suitabic industry sector. 
Furthermore, the health care industry is becoming of critical importancc and involves high lcvcls 
of inventory (Lancioni et al., 2003). Despite its intrinsic involvement %vith the future, the health 
care industry is identified as lagging behind in research concerning the manufacturing perspective. 
Alternatively, from the supply chain perspective, executives and logisticians claim that "health 
care is an industry operationally different from other industries, as the prediction of their customer 
(patient) mix is unpredictable. i. e. demand for product requirement is unprcdictabic" (Jarrett, 
1998). 
Concentrating on the current research context of custornisation, Waiters and Jones (2001) claim 
that, "Healthcarc is an industry sector where the customer doesn't look for compromise when 
requiring his product; rather he looks for his custom / critical product requirements", 1"hus, the 
health care sector has some common features with a market with customers. 11crc products and 
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services arc to be maintained so that it gives comfort to the customers for an ongoing, long-term 
relationship. With the above body of knowledge on the healthcare industrN, Md given tile need for 
a suitable research area, the health care product sector is chosen for a case study. 
Upon selecting health care as a field for investigation, the search is Cor all externally-used, body- 
fitted, custom product. Preliminary search is for a product with low volume, build-volume. high 
design complexity and customer-involved custornisation. rills is followed by product selection 
from the supply chain perspective, i. e. selection in accordance with criteria (Section 5 13.3) 
Finally, the selection is based on the materials, in accordance with RM's niantiflacttiring capabilltv. 
Product selection with the above critical factors identified prostheses as a suitable single case 
study product from amongst other health care products. Prostheses are an ideal case because they 
involve the low-volume custom manufacture of complex profiles (Bock, 2004) The study is 
collaborative with a leading manufacturer of prostheses in the UK / Furope and the I 1K NI IS 
Figure 6.1 (A) Socket (B) Socket with rehabilitation unit, Source (Clarke, 1965) 
B .. i, "0 
e. ý4 
A prosthetic product is broadly classified as an internal or external prosthesis. As the scarch is Ior 
an external, body-fitted product, an external limb prosthesis is selected for investigation. External 
leg prostheses arc classified as above the knee (transfemoral) and I)elo%% the knee (transtibial) 
prostheses (Clarke, 1965). Both transtibial and transfemoral prostheses involve an artificial leg 
connected to the amputee's residual human limb. The connection between the artificial ; in(] 
residual human limb is made by a link termed a socket (Marks and Michael. 200 1) 111c socket is a 
body-fitted custormsed component with a highly complex profile, figtire 0, I(A) sho%%s dic profile 
of a prosthetic socket. Critically, this linking socket is involved in both transtibial and transtlernoral 
prostheses and therefore, identified as a suitable single casc-stndy product. -nic socket involvcs a 
combination of components, i. e. the custormsed socket and other non-custoiniscd components 
combining to form a single product with a rehabilitation unit, as shown in figure 01 (B) 
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6.2.1.1. History of prosthetics 
Prosthetics emerged across the ancient world in Egypt, Greece and Rome with very early evidence 
being found in the Rig Veda (one of the ancient Vedas of India) (Mukkattu et al., 2000). Ile use 
of a leg prosthcsis with wooden crutches for locomotion has been idcnfificd in Egyptian wall 
paintings from 1580 B. C. Parc (1509-90), a French surgeon, brought forward the greatest 
advancement in prosthetics. His descriptions and drawings established the essential principles for 
present-day mechanical prostheses. As time went on there were further developments in 
prosthetics involving composite materials, weight considerations ctc. Ile period between the 18 1h 
and 19'h centuries brought forward major changes in prosthetics, with an English limb maker, 
Potts, designing a limb with flexibility known as the "Anglesey Leg" (Clarke, 1965). 
In 1930, Clarke brought about a major cra in prosthetics manufacturing (Clarke, 1963). 1 Ic 
brought forward improvements in manufacturing techniques (rubber moulding techniques); to 
better accommodate the customer's requirements. With the developments in custom moulding 
techniques, during 1942 one single moulding pattern was used for the manufacture of custom 
prosthetics. Ile time period from 1946 to 1948 was the cra during which the cosmetic appearance 
of prosthetics started to become important (Michael and Bowkcr, 1994). The late 1950's saw 
fiirthcr developments in prosthetics with the co-ordinatcd work between doctors and cnginccrs for 
the improvement of the prosthetic components (Wilson, 198 1). 
Recognition of amputees' comfort when utilising prosthetic products, gave rise to the 
developmental phase in prosthetic components. During the 1980's, the prosthetic component 
socket providing a link between human limb and artificial lcg was rccogniscd as being important 
for providing comfort for an amputee (Staros and Goralnik, 1981). Following this, several 
measures were taken to make a precise socket component but it took 20 years before the Ischial 
containment socket emerged. Concurrently, technological developments both in manufacturing 
and medicine brought forward several new changes in prosthetics, combined with the powerful 
phenomenon of consumer demand (Can-oll, 2001). Following from the above, the next section 
discusses in detail the socket component and its function as a custom product. 
6.2.1.2. Socket 
The principal fimction of the residual limb is to act as a ]ever to powcr and control the prosdicsis 
(Staros and Goralnik, 1981). This action is obtained from the residual bone that functions as a 
lever propelling the prosthesis (Mukkattu et al., 2000). I'lie enabling force transfer from die 
rcsidual-limb to the adaptive prosthesis is carried out by the linking mechanism socket. 71c more 
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intimate and accurately defined the socket, the more precise is the fit to the residual limb uid the 
more efficient is the force transfer. In addition, the greater the surface area in contact between the 
residual limb and socket, the better will be the feedback and control of the prosthesis (Staros and 
Goralnik, 198 1). Figure 6.2 (A) details a transfemoral prosthesis with a socket component and its 
linking bclow-knee products, including a foot. 
Figure 6.2 (A) Adaptive prosthesis (B) Cross section view of socket 
(Source (Staros and Goralnik, 1981, Voinche, 2004)), 
._AI, 
" 
As seen in the earlier section, the portion of the prosthesis (socket) attached to the residual hint) is 
a vital foundation for enabling an amputee to continue his/her active lifestyle, Improper sockct fit 
results in discomfort or pain to the amputee. For these reasons. the total physical contact of a 
socket with the limb is the most desirable requirement. It is retluired that there is a close fit and 
maximum surface contact of the socket to the limb (body-fittcd custoinisition). Figure 02 (13), 
details a cross section view of a closely fitted socket and a prosthesis unit used during wilbul. it loll 
As seen in figure 6.2 (B), the pressure distributions in the residual limb lisstics irc takcii up ; ind the 
total socket control depends on the pressures generated between the residual limb and the socket 
surface (Carroll, 2001). Detailing which, part of a custom socket component mll cnablc comfort 
throughout the different loadings that are applied while walking and during the phase of* swinging 
the leg (Staros and Goralnik, 1981). Ilius, in prosthetic rehabilitation flor lo%%er linib amputation. it 
is concluded that the socket is the most essential part (Michael and Bowkcr, 1994). 
6.2.1.3. Amputation and the amputee's views on prosthetics 
Thc main cause of amputation is due to disease such as circulatory dysfunction, thc prinic rcasons 
for which are arteriosclerosis, diabetes and traurna (either due to conflict or to indtistmil oi trAlic 
injuries) (Marks and Michael, 2001). Ilic percentage of amputations are found to be approximately 
74% due to vascular disease and cancer, 23% due to accidents and 3" due to birth problems 
1.14 
Cht q)lt, r 0 
(Muilenburg and Wilson, 2003). Statistically, patients who have already lost one limb due to 
Ischemia stands a 33% chance of losing the other limb within five years (McCollough et al., 
1981). 
Poor socket fit causes discomfort for amputees. A review of the service offered by N1 IS - UK 
prosthetics asked for amputees' views on the service provided. (See Figure 6.3 Wow) 
Figure 6.3 Amputees' views on prosthetics 
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How has YoUl NHS HIM fitting Centre served you? 
A- Have been well served by NHS and walk without any pain on your prosthesis 
B- Okay, but it took ages and the fit is not quite tight 
C- Bloody awful, I still get blisters after five minutes of walking 
D- Terrible, I can't walk with my leg at all! 
E- Got so fed up I went private! 
An early study on prostheses found that only 4 out of 21 were satisfied with their prosthesis, while 
the others were dissatisfied. The dissatisfied amputees experienced severe pain because of' I)tx)r 
fitting of the prosthesis and experienced restrictions such as king unable to undertake their regular 
activities like swimming, running ctc, which they enjoyed before amputation (Carroll, 2001). 
Another study, conducted during 1993, found that 63% were satisfied and 24% were dissatisfied 
with their prosthetic socket (Nicholas et al., 1993). Following the carly views, some ofthe present 
day amputees' views on prosthesis are mentioned below, 
Present day prosthetic products are designed for unique customer requirements. however, from the 
amputees' perspective this involves certain difficulties. Some of the difficultles with present &Ay 
prostheses are discussed by amputees in an Interriet Limbless Association foruni, IJK (Disabilitv 
service center, 2007) and are also detailed below. 
"I must agree, finding limbs thatfit correctIv and suit the purposeyou need are hard to find 
Didyou ever notice that the ones who make the limbs hint, all of theirs " Hugs Barb. 
"Atv main complaint is the socket design, not getting the latest component " Afoni4-. 
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"From my recent experience AWS limb filling techniques have not improved at allfor owr 30 
years - Les Spark". 
"Perhaps we should visit the chief e-recutive ofNHS give him a pelitionfor invest into 
research into prosthetics" - Paul 
"Prosthetic manufacturersfail amputees, there has been no investment or research fixeled by 
the British government in decades, it's a disgrace "- Paul 
"Are prosthetic manufacturers ulthholding lechnoloV? "y is there no governmental 
research in prosthetics? Do prosthetic manufacturers, control distribution of the proihicts? - 
Paul 
"Me perfectfit is every amputee's dream. A greatfit means comfort, and comfort means 
freedom, action, independence'ý- Dana Bowman, 
"Present day sockets, for its poor manufacturing lacks weight bearing capacity "- Amputee A8 
It is pertinent from the above amputccs views (Appendices B 1) that present-day prostheses are not 
able to satisfy amputee requirements. i. e. the manufacturing technique is failing to serve the need 
for a custom fit. These complexities in manufacture incrcasc rapidly for the features like an 
amputee's age, profession, daily activities and so on (Staros and Coralnik, 1981). Analysed 
through this study, all these phases of obtaining a custom-fittcd socket arc dependent on the 
manufacturing technique (Matthis, 2001). With the emphasis related to manufacturing, the 
following section details the manufacturing technique and the method of operation in prosthetic 
socket manufacture. 
6.2.1.4. Method of manufacture 
This section discusses the current method of manufacturing a limb prosthesis (case study). A 
detailed overview of its functionality in both manufacturing and the supply chain is carried out. As 
stated earlier, the study's research domain concentrates on the issues of lead-timc, inventory and 
product customisation. A brief overview of the system by which an amputce is fittcd with an 
artificial leg and the socket is manufactured follows below. Core concentration is on the product 
(socket) from order to delivery to the end-uscr. Ile entire case study takes place within the UK. 
This is particularly for the ease in data collection since different nations have differcrit systcms for 
fitting a limb prosthesis, although the manufitcturing method is similar (M I and M2). I Icrc, MI to 
M3, Al to Al I refers to case study respondents, refer appcndiccs BI for furthcr dctails. 
In the UK, a limb prosthesis is fitted to an amputee by the National Health Scrvicc (NHS). Tbc 
purchase of other related non-customised products is by National Health Service - Purchase and 
Supply Agency (NHS, - PASA) (W). As the case study is involved with the sockct compo=4 a 
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detailed overview of the socket and the research parametcrs involved with the socket component is 
carried out. Figure 6.4 details the cycle involved from order to delivery of the socket component. 
Operational flow is along the direction A-P-1, with the involvement of C as neccssarv. Rc-work, 
P, may also be necessary. This delivery cycle is represented in figure 6.4 below. 
Figure 6.4 Order to delivery cycle of socket component 
ampufte 
pros~II 
re wer* 
Referring to figure 6.4, the amputee (A) requiring the limb prosthesis upon appointnicnt meets a 
prosthetist (P). The prosthetist, or a group of prosthctists according to the need to address specific 
requirements of an amputee such as their regular habits, gait pattern, tissue density etc, measures 
the stump data for the manufacture of the socket. 'Me most common method of measureinciii 
adopted for a prosthetic socket is the Plaster of Paris negative impi-cssion It gathers 111rce- 
dimensional data from the limb involving tissue density and mobilitv (Michael and Bowker, 
1994). Figure 6.5 details the manufacture of a prosthetic socket in stages. Physical measurements 
of an amputee's stump are recorded in detail and a plaster wrap is taken (figure 6.5 a) A positive 
mould is subsequently created by filling the wrap cast with Plaster of Paris (figure 6.5 b) Any 
rectifications are achieved from the obtained measurements by either adding or removing the 
Plaster of Pans in stages. 
Figure 6.5 Stages involved in development of a positive mould. 
Source: (Ng et al., 2002) 
MONO, NEW 
(a) (h) (4: ) 4I) 
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After making the mould, a heated thermoplastic sheet or woven materials together with acrylic 
resins are wrapped and the check socket is created or vacuum cast (figurc 6.5 c). Preliminary 
fitting is carried out using the clear check socket, where minor shape adjustment is achieved by 
reheating the socket (figure 6.5 d). This is followed by lamination involving a woven fabric 
impregnated with thermosetting acrylic or polyester resin sockets. An alternative thermoplastic 
sheet to shape the cast with the assistance of a vacuum is also made. Upon completion of the 
socket, other standard components, referring to figure 6.4(c), according to the amputee's 
requirements for the artificial limb are incorporated. The finally obtained artificial limb is f Wed to 
the amputce by the prostlictist. For any alterations in socket components, it is rc-workcd (R). 
Critically, referring to figure 6.4, the entire socket manufacture involves a continuous process in 
three stages namely measurement, rectification and fabrication (Jones, 1988). Ilis is heavily 
dependent on the availability of a prosthetist. 
This present day manufacturing method of involving a prosthctist in the manufacture of the socket 
component adopts elastic straps to fit the mould onto the stump. But, this method is observed to 
cause pain and irritation to amputees during socket manufacturc. In context, amputees discussing 
the present day manufacturing method, describe the mould-bascd system of custom socket 
manufacture as a trial and error method (A9) and are demanding manufacturing improvements. 
6.2.2. Product and criterion requirements 
Following the early sections of product identification and the manufacturing method, this scction 
concentrates on product and criterion requirements of socket component focuscd according to die 
current research perspective. Initial focus is on the product prof i1c, which dctails the nature of die 
product, the complexity involved in its manufacture and the method of operation. It is followed by 
criterion requirements like; lead-time and the inventory involved in the manufacture and 
distribution of the product. 
6.2.2.1. Product prorile 
As seen through the above Sections, it is important that the socket component is a true custom 
product requiring individual product customisation. Although a custom product, it requires 
replacement at regular intervals. This is because of amputee restrictions of age, change in physical 
conditions, physical activities, needs ctc (Clarke, 1965, Staros and Gominik, 1981). 71us, in spite 
of being a custom product, the socket 'holds its demand' and requires replacement at intervals. 
Discussing from the manufiwWring perspective shown in figure 6.1 (A), the socket component 
involves a complex profile with varying surface complexity. Ilicse proflIcs are to match with the 
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skin profile of the healed stump of an amputee. The complexity involved in the profilc of the 
socket component, mdkcs custom manufacture using the present day manufacturing system 
tedious. As a result, it makes manufacturing the socket through a craft-based method a time- 
consuming and unreliable process. Section 6.2.1.4 shows how the entire process of manufacture 
from initial negative mould to the final positive socket component takes around two weeks (M 1). 
Being a low-volume product manufacturing application, prosthesis manufacturing factories are 
located in distant locations and are connected through information / distribution networks (Kumar 
et al., 1996). In cases where quick processing of the socket and case in obtaining the negative 
mould arc important, in-house prosthetic manufacturing facilities arc available in hospitals (M 1). 
Manufacturers looking into the advantages involved in an in-house manufacturing facility strive to 
adopt it, as these would be located close to the customers. But there arc only a few in-house 
manufacturing facilities that work in conjunction with MIS health ccntrcs in the UK. In-house 
manufacturing is only possible when the corresponding MIS health ccntre holds the facility to 
manufacture prosthetic products in their hospitals (M I and M3). 
Following the unavailability of an in-house manufacturing facility, manufacturers strivc for new 
ways of socket manufacture. On identifying the cost involved in custom product manufacturing, 
manufacturers adopt combined manufacturing methods (M I). As the size of the prosthetic industry 
and the potential number of customers is relatively small, the use of advanced technology would 
be expensive in a period of decreasing revenues. T'his has resulted in the growth of a number of 
practitioners, e. g., NovaCare and Hanger, with central fabrication and group manufacturing. 
Identified through our case study, currently there arc 45 - 50 central fabrication units in the UK 
(M I). Industries adopting a central manufacturing system distribute to the cnd-uscr themsclvcs or 
through third party logistics providers (W). 
Table 6.1 sets out some of the manufacturing methods adopted by prosthctics manufacturers (AlO 
and All). It could be seen from table 6.1, dmt most manufacturers have adoptcd the central 
fabrication system. Adopting the central fabrication system and the crall-based method of 
manufficture involves a lead-time in the delivery of the product to the cnd-uscr (103). Widi lcad- 
time as one of the critical parameters in this research, the following scction discusscs flic critcria 
involved in the selection of the socket component by an amputee. 
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Table 6.1 Manufacturing methods of prosthetic manufacturers 
M- a -nuf-ac--t-u--re-r-F------- --Product sup pIy method IManufacturin, 
Facility 
Alatheia Upon customer requirement, manufacturer details the location Contfal 
of his nearest supplier or industries where customer can fabiwation 
physically obtain the product 
Ballert Adopts one-to-one contact system Following the customer Central 
requirement, manufacturer sends their representative who fabitcation 
obtains the product details from the customer and supplies 
the product. 
Coyote design The customer is to fill the online product detail upon which the Cential 
product is shipped to the customer fabiwation 
0 &P A one-to-one communication system was adopted in order to Central 
provide the customer with a custom-fitted product fabrication 
6.2.2.2. Product criteria 
The criteria for the socket component arc niany and this varics froin aniptitcc to mnpulck- As ;I 
means of narrowing down within the research perspective, the criticalk, reclimcd ciitciia arc 
identified and detailed. Following the preliminary criterion of'product custoinisalion, the otlici tm) 
important criteria involved are detailed in this section. 
The time delay involved before the product reaches the custoincr is idewificd to I)c a ciaical 
criterion in prosthesis manufacture. This is because, the dekiy tinic in oblammg a pitAtict I'm an 
amputee makes him /her immobilised for that period (M I and M2) As ýi icstilt, the Icad-imic 
involved in product availability to the amputee is v1sualiscd as yet anollicr important crilci ion 'I'lic 
major reasons for Icad-time involved in socket component arc is fiolloý%s. 
The adoption of a crafl-based manufacturing method re(Imi-cs 1%%o %%ccks (o Compicic 
a socket component. 
After the initial manufacture of the socket. 111c coljlpllcýlj lolls lII%, ()j,, cd In ploduct 
fitting and re-work take fiirther time. 
Obtaining a physiotherapist / prosthetist appointincii(, ýIjoljg %% III five to sc% ell % Islis 
to the hospital per year, can involve dclaý'. 
1.40 
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In total it can take around one to two years for an amputee to get a comfortable ctistom socket 
fitted (A9, A 10 and MI). 
Time delays are features of centralised manufacturing systems and distribution cluumels. 
Industries adopting various manufacturing facilities other than in-house niantil'acturing. adopt the 
following five main distribution channels to supply health care equipment, namely retail 
distributors, retail outlets, mail order catalogues, NHS purchasing and supplics agcncý and In(ertict 
sales (M3). Ile diagrammatic representation, figure 6.6 below, depicts the statistical data oftlic 
time taken in days in the production and distribution of a product by some ot'llic leading prosthetic 
manufacturers. 
Before utilisation by the amputee, the final product undergoes a series of' tests To (late. NRT 
(National Institute of Clinical Excellence) has examined rehabilitation devices and has issued a 
positive ruling. On other hand, in relation to the supply of prosthetic products, MIS - PASA 
provides the guidelines for the supply of products to the Nl-lS (M 1). 
Figure 6.6 Production and distribution time for products 
Source (Disability service center, 2007) 
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Since customers require customisation and lead-time reduction as criteria and focusing according 
to the research context, inventory is studied. Prosthetics involve both custornised. the socket. and 
non-custormsed components. The non-customised components are called adaphve prostheses. 
Adaptive prostheses are one or more components that enable an amputee to engage in a physical 
activity. These arc the products that could be purchased from off-the-shell, suppliers Such 
suppliers hold a stock of 1/4million pounds worth of non-customised prosthetic products (M 1) 
Manufacturers maintain huge inventorics of adaptlvc prosthcscs in flicir distribution cciiti-cs wid 
can ship components according to an amputee's requirements (M 1). 'lliese components are nuilly 
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and increase according to the increase in the physical activity of an amputee like; skiing, 
swimming, walking etc. As each activity of an amputee, demands certain components, it results in 
a large variety of non-customised components. A detailed examination of these non-customiscd 
components is bcyond the scope of this research, which concentrates only on customiscd features 
of a prosthesis. Hence, the inventory involved in non-customiscd prosthetic products is not 
considcred. 
Focusing on the custom socket, when the need for product customisation occurs, the individual 
industries involved are characterised by complexity and dynamism. Present day modern 
organisations, for a number of reasons, are often ill equipped to deal with such uncertainties, With 
the increasing amount of product customisation, the more complex is die supply chain structure 
involved (MI). i. e. product customisation increases the complexity in die manufacturing and 
supply chain structure. With the above body of knowledge, concentration is on reducing the 
manufacturing complexity of the customiscd product. Ilis is explained as follows: the customer 
ordering a rehabilitation unit along with a custom socket according to his physical activity orders 
the other non-customised products. Although adaptive components are readily available off-the- 
shelf, the laborious and time-consuming process of manufacturing, inspection and rework of the 
custom socket requires adaptive components to be held as an inventory. IJcncc, quick processing 
of the custom socket component will reduce the inventory on other adaptive prosthefic 
components. Consequently, reducing the manufacturing complexity of a custom product is studied 
to reduce the involved inventory on other non-custom products. Ilis is particularly because lead- 
time reduction automatically results in reducing the inventory involvcd. Following the above, dic 
following section discuses in detail the application of decision analysis to the arclict)pcs for die 
case study product. 
6.3. Decision analysis on archetypes 
Proposing the application of five archetypes to the manufacture of a product will not yield 
cffective results. Alternatively, a direct selection of a archetype also would not be cffcctivc. Miis is 
because every developed archetype has a specific functionality with certain advantagcs and 
disadvantages. What is therefore required is a means to identify the best archetype for the product, 
Alternatively, decision analysis methods can be used to identify the deviation in flic results. 
Section 5.13.3, describes the tool kit to identify an appropriate archetype for the manufacture of a 
product using a decision analysis system. 
142 
Chapter 6 
The essential inputs for archetype selection by a decision maker arc gathered. With the 
identification of a product, the next stage involves the idcntif ication of the criteria required for the 
product under consideration. The cnd-uscr (in the case study, an amputee) requirements for the 
product are collected through Internet forums. Meanwhile, the manufacturer's criteria for the 
product and the criteria for the manufacture of the product through the selected archctypc arc 
obtained from manufacturers (case study interview). Discussing briefly the customer and 
manufacturer criteria for the socket component, the amputees' priorities arc; (1) good sockct fit 
(i. e. product customisation), (2) improved service levels and (3) reduced Icad-time for die product 
reaching the end-uscr. On other hand, the manufacturer's criteria arc; (1) manuracturing close to 
the point-of-use, (2) looking for newer manufacturing methods because of the shortage of 
prosthetists and technicians, (3) reduction in inventory levels, (4) improvement to their scrvicc 
levels, (5) reduced lead time involved with the products and finally, (6) supply chain 
improvements along with the application of c-com-bascd technologies to reduce the current cost of 
manufacturing. As can be seen through this case study product, all die critcria idcntirlcd for 
application in this research work = not considered. Alternatively, dicrc are critcria that cmergcd 
for this product, e. g. the manufacturer looking for newer manufacturing methods. I'his is evidence 
of the fact that the criteria for a product vary from product to product. With an ovcrall view of the 
customer and manufacturer criteria requirements, the following section discusses die arclict)pe 
selection methods. 
6.3.1. Selection through SSC 
Based on Section 5.13, this section describes the decision analysis of archctypcs involving the 
identified product and criteria. This is along with the application of respondent input valucs to 
archetypes. To be systematic, the selection is progressed from manual to computcr-bascd mctliods. 
Ile procedure involved in archetype selection using the manual, form-bascd mcthod, sccn in 
Section 5.13.4. is followed. Figure 5.11 represents the structurc for the form-bascd archctypc 
selection process. Selection starts with the identification of a product and its context. Rcfcffing to 
figure 5.11, progressing to the second stage, this stage involvcs a dctailcd cxamination of the 
product type. This phase identifies whether the product is a single componctit or a group of 
components. With the case study product being a single component rcquiring low-volunic 
production, these details are marked appropriately in figure 6.7, the product-bascd sclcction and 
standard, product-level distribution table. Figure 6.7, is the detailed view of the product-bascd 
selection (A) in the form-based archetype selection proccss. Rcfcrring to figure 6.7, as the 
identified case study product is a single component, as described in die product qpc sefcction 
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table, it IS possible to manufacture this single component in all the archetypes. 'llius. all the boxes 
in figure 6.7, the critical units table corresponding to column product type, are marked -X- With 
the above product details, critical selection starts with the requirements of the manufacturing 
methods, i. e. whether the product is to be manufactured by a customer or bv a numufficturer. 
Amputees were asked, "How do you want your socket to be manufactured, is It by you or by the 
manufacturer", through the Internet Limbless Forum (Disability service center, 2(X)7). 111C 
answers showed a preference for the product to be manufactured by a manufacturer. Refcri-ing to 
figure 5.11, this identified the solution "No" for customer-involved manufacturing 
Figure 6.7 Product based selection & standard product level distribution table 
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I'lic preliminary selection for the manufacturing method (i. e. either customer involved or 
manufacturer involved), directly eliminates two other possible archetypes ('RM as a retailer and 
manufacturing at kitty comer hubs (SC 4) and RM in housing coIonics and honic-based 
manufacturing archetypes (SC 5)), which involves the manufacture of the product by the customer. 
Following which, the selection proceeds with first three archetypes. namclyý SC I (liub-based 
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manufacturing), SC 2 (Mobile manufacturing system) and finally, SC 3 (RM in service industries). 
All these archetypes have a manufacturer being involved in producing the product. 
Referring to figure 6.7, archetype selection is progressed with reference to arrows 1,2,3,4 and 5. In 
the current stage (arrow 2), amputees and manufacturers are informed about the research definition 
for product cntcnon requirements; as a result their priority levels are obtained. Figure 6.7 details 
the amputee product priority levels marked in the priority table. These product priority levels are 
marked appropriately according to their level of importance by using die symbolic measures in the 
evaluation box. Moving to stage 3 of the archetype selection, according to the evaluation emphasis 
in the evaluation box of small, medium and low, the standard, product-level distribution table 
studied. Referring to figure 6.7, the "priority distribution" graph, the X-axis wpi-csents the 
critenon and the Y-axis represents the numerical distribution. The graphical distribution of the 
three columns represents the priority distribution of the respective product manufacturing 
capabilities in corresponding archetypes. I'lic evaluation box is filled with the svinbols 
representing strong, medium and low required to identify the suitable scenano 
As seen through section 5.13.4 and utilising table 5.14, according to evaluation eillphasis tile 
values are marked in the critical units table. Progressing to the final stage of tile product-based 
selection, arrow 5 (figure 6.7); die results of the respective archetypes are accumulated in the 
critical units table. Here, the values arc SCI = 6, SC2 15 and SC3 - 4. '111c higher tile 
accumulated value for a scenario, the higher is the ranking. As a result, for the current case studý 
product, the identified ranking of the archetypes is, SC 1. SC2 and SC3. which represents tile 
suitability for product manufacture. 
Figure 6.8 Criteria-based selection & standard product-level distribution table 
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Following the product-based selection is the critcrion-based archetype selection. In this method the 
criteria involved in a product are analysed and the corresponding suitable archetype is selected 
accordingly. Being a case study, the focus of the research and its application in cuffcnt case study 
industry is explained to the manufacturers and customers. Tbcy arc given details about the 
criterion requirements for the manufacture of a product and the research dcrinition of the critcria. 
As a result, their views and their priority levels are obtained. Figure 6.8 dctails the form-bascd 
"critcrion-based selection and standard product-lcvcl distribution table". Rcfcrring to figurc 6.8, 
the manufacturer criterion priority requirements for this product arc tabulatcd in the critical 
requirements table. Moving to stage I of the decision-making on archetypes (arrow 1), in 
accordance with the criterion priority levels, the evaluation box is appropriatcly tabulated with 
symbolic measures, 'low', 'mcdium', and 'high'. 
As archetype evaluation is by using symbolic measures, stage 2 (arrow 2), involves a detailed 
study of the "standard criterion level priority distribution table". Referring to figure 6.8 the X-axis 
of the graphical representation table details the priority distribution of the criterion level in die 
corresponding archetypes, while the Y- axis represents the criteria. As seen through the product- 
based selection method, each archetype holds certain priority levels according to their respective 
criteria and the evaluation box is represented with symbolic evaluation values. Progressing to stage 
2 of the archetype selection, with respect to the symbolic evaluation in die evaluation box, the data 
in table 5.15 produces the value "V, which is plotted in the critical units table. This can be 
explained with an example: considering the criterion "scalability" evaluation box is represented 
with the value "medium". Referring to table 5.15, for the criteria 1, die corresponding medium 
values lie between 0.247 and 0.494. Therefore, by concentrating on the graphical distribution 
table, the archetypes with values 0.247 to 0.494 for criterion I arc idcntiricd. This idcntifics only 
archetype (SCI) as lying within this range. 71crcforc, SCI is marked in the critical units table. 
Adopting a similar procedure, the critical units table is completed for all die criteria values. 
Progressing to stage 4 of the archetype selection, the values corresponding to each arclict)pc arc 
included in the critical units table. This gives SC I=5, SC 2=3 and SC 3=3. TIc higher the 
accumulated value for a scenario, the higher is its ranking. Thus, archetype selection through 
criterion-based study identifies the ranking order for the suitability for product manufacture as 
SC I in first place, with SO and SC2 equal second. 
Combining both the methods to arrive at a solution, the selection of a archetype by both product- 
and criterion-based methods identifies archetype ranking namcly, SC I> SC 2> SC 3. This is 
achieved by accumulating the points obtained through both product- and critcrion-bascd selection 
methods. As a result, SC I "Hub-based manufacturing" is idcntiricd as the most suitable archetype 
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for the current case study product. With the above paper-based selection, the next stage involvcs 
selection using the computer-based AHP method. 
6.3.2. Archetype selection using AHP 
This section discusses the systematic procedure adopted in obtaining a archetype by using the 
AHP method for the case study product. As this is to identify the deviation in results obtained by 
manual (theoretical) and computer-based (simulation) methods and to validate die decision 
analysis system. Before selection using AHP, the respondent data obtained through the 
questionnaire are fed into the AHP software and made readily available for decision analysis, 
Therefore, AHP-based decision analysis starts by utilising this readily available data file. Initial 
selection starts with the method of manufacture of the product, either manufacturcr-involvcd 
manufacturing, or customer-involved manufacturing. According to this initial selection, 
corresponding archetypes are eliminated and the selection starts with die available archetypes. As 
the need is to compare the deviation of the results amongst the methods (SSC and Al IP) and since 
the selection is for the case study product, the initial data that were used for SSC arc used for die 
AHP-based selection method. 
Following the requirement for manufacturer-involved manufacturing of the product, archetypes 
involving the manufacture of the product by the customer are directly climinatcd. This idcntirics 
archetype selection from archetypes SCI (Hub-bascd manufacturing), SC 2 (Mobile 
manufacturing system) and SC 3 (RM in service industry). The selection involves both product- 
and critcrion-based selection. As there is no specific procedure, any selection method can be 
followed, i. e. either product-based selection or critcrion-bascd sclccfion. T'hus, here, the initial 
selection is progressed with product-based selection. Since the product is for an amputee, flicir 
product criterion requirements and their priority levels are obtained. With the available data for 
decision analysis, the next stage involves decision analysis and the idcntification of a suitable 
scenario. Figure A6 (Appendix Q, represents a simple illustration of the hierarchy views for the 
product-based archetype selection process obtained using AHP. The hierarchy is in stages. namely: 
goal identification, the parameters involved in goal identification and finally the archetypes. 
Mathematical calculation in AHP is with respect to the structure, where it is to identify one among 
the three alternatives for the given data requirements. 
The customer priority levels for the product are fcd into the AllP soft%%2rc. Tbis is through 
scnsitivity-graphs; either a "Performance grapW' or a "Dynamic graph". Figures 6.9 and 6.10. 
detail the performance and dynamic graphs for the customer priorities on die socket component. 
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Following the input values, decision values for the archetypes are provided by AllP. Referring to 
figure 6.9, archetypes are represented with their individual colour codes. The X- -axis reprcsciits the 
product type and the Y-axis represents the frequency distribution. 'I'lle customer- and 
manufacturer-required product requirements are represented bv vertical rectangular colunins 'I'lic 
sensitivity analysis graph ranks the archetypes according to their product manufacturing capabihtý 
For the given values the represented ranking is, Hub-based manufacturing (SCI), Mobilc 
manufacturing (SC2) and Service based manufactunng (SC3). 
Figure 6.9 Sensitivity analysis for product-based selection 
Utilising the same values that were used in the sensitivity analysis graph, the dynainic. sciisi(ivitv 
analysis is studied. Referring to figure A7 (Appendix C), a similar colour c(Aing is used to 
represent the archetypes. Compared to the sensitivity analysis graph, the dynamic analysis graph 
provides a detailed view of the percentile requirement for the products and the percentile 
requirements of the applicability in each scenario. By varying the product percentile requirements, 
the corresponding change in archetype applicability for the manufacture of" the product CM be 
v1suallsed through this graph. Figure 6.10 provides an in-depth description of' the dis(ribution of' 
individual product manufactunng ability within a single archetype for its give,, input %.. Iltlcs '1111s 
can be explained with an example, the percentile distribution in hub-based distribution (SC 1), 54 1) 
%, is represented graphically with the corresponding distribution of' products that Can I-W 
manufactured in that archetype as in figure 6.10 (hatch pattern). 
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Figure 6.10 Components of dynamic analysis for product-based selection 
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Following the analysis of the case study from the product-based selection perspective. tile next 
section involves an analysis with respect to criteria. Figure A8 (Appendix C) represclits 111c 
hierarchy view for the critenon-based archetype selection process. Similar to tile above method, 
the decision hierarchy is in stages namcly, goal identification, the parameters involved iii g(xil 
identification and finally the archetypes. 'Me hierarchy framework details the step-by-step method 
involved in the identification of a scenario. 
Figure 6.11 Dynamic analysis for criterion-based selection 
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Ile data obtained on each criterion are fed through the dynamic analysis graph. Referring to figure 
6.11, the criterion preference for the case study product is represented by the sliding scale under 
each criterion. According to the movement of the scale (i. e. criterion preference), the calculation is 
automatically made by AHP with respect to the values provided by the respondents to the 
questionnaire. Upon analysis, the calculation results show the percentile application of each 
archetype for the required criterion values. Applicability is represented by percentilc values, 
namely; 38.3 % Hub-based manufacturing (SC 1), 34.5 % RM in service (SC3) and 27,1 % Mobile 
manufacturing system (SC2). 
Figure 6.12 Sensitivity analysis for criterion-based selection 
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Figure 6.12, details the sensitivity analysis graph for the given criterion data. Individual archetypes 
are differentiated with colour codes and input data are represented by rectangles in columns. For 
the input data, the corresponding changes in archetype applicability are represented b%- vector 
lines. Thereby, the ranking of the archetypes is represented according to priority, nainely, the 
higher the priority ranking of a scenario, the better is its applicability for the mantil'acturc of- the 
required product. With no deviation to the dynamic analysis graph. sensitivitv anaIN, sis provides 
the ranking order as SC 1> SO and SC 2. 
As seen from the above, a detailed analysis using SSC and AHP nieth(As idcntifics SCI (I lub- 
based manufactunng) as the best archetype for the manufacture of' thc sockci coniponclit This 
outcome was discussed with manufacturers (MI, M2, M3 and AIO) wid the flollo%%ing 1xiints 
identified, 
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1. Since prosthetic products form a low-volumc product sector and considering the cost 
involved in manufacturing unit ksudhhm nmnuNcturas onmMucd hub / 
ccntralised manufacturing as bLing suitable. 
Since this archetype is suitable for incorporating componcnis and asscitibling ilic 
product, it is identified as being suitable for the manufacturing and assemblN ot an 
entire rehabilitation unit. 
3. As this archetype involves the handling of' service rcilmicnicn(s, il defincs Ilic 
suitability of application. 
4. Alternatively, considering the situation of In-house 111.11111111CIIII Ing, nianufactuICIS 
considered the second alternative sccnario, mobilc mantil'acturing, as N. -my, sintabic 
Following the above analysis, the next section compares the SSC and Al 11' mciliods 
6.4. Comparison between SSCand AM' methods 
Following the selection procedures involved in both fOrm-bascd (SSU) and compuict bascd (Al 1P) 
methods, this section discusses the applications ofcach nicthod and the coi-I-L-spoll(IllIg (1k. % IýItjojj if) 
the results. Concentrating on the application perspective, both methmis can bc usc(i oil aIN lliothict 
or criterion stated within the archetype selection proccss This is In accordmicc io dic smialillitN ()I 
the product for manufacture through archetypes, md for their cracrion priorlh levels As '. C(-il 
through Section 6.3.1, forrn-based SSC involves matlicniatical calculatimi I'm 111c c%alu. jtion and 
selection of the critical units, while Atil) does the Illatlicillatical calculalloil by Itsclf'. hill it 1% 
necessary to input the data with regard to priority lewls Thouiýh SSC iciplitt-N 111.1(lic, 11.111c. 11 
calculation, decision making on product / criterion with respect to a aichcivpc cait I),. jjjýjtlc ; Is ýjn 
onsitc process. Because the AHP based method requires a compuici. sotj%\. jjL, kýtt,, 
costlier process compared to the form-based SSC inelliml. 
Following the selection procedure, a detailed anaiNsis of' thc icmih-, obt., lint-tj ihitm. Oi SSC and 
AllP methods is carried out. Table 6.2 details the results obtained through both tht. 
Table 6.2 Comparison between SSC and AHP 
SSC results 
Product-based Criterion-based 
selection selection 
Scenario-1 Scenano-1 
Scenario-2 Scenario-2 
AHP results 
Product ba%ed C111(mor) based 
selection %election 
Scenario 1 Scmatio 1 
= Scenario-2 Scenario 3 
Scenario-3 Scenario-3 Scenano-3 sceliallo '., 
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Referring to table 6.2, the results from SSC and AHP for archetype selection through product- and 
criterion-based analysis identify SCI as the most suitable sccnario, Progressing to the 
identification of the second most suitable scenario, SSC idcntirics SC2 as being equal to SC3, i. e. 
both the archetypes are suitable. Alternatively, AHP provides the result as SO > SC2 in ranking. 
From the results, it is clear that both the methods identify the most suitable arclict)pc without any 
major deviation in their results. But, a slight deviation exists in the later stages, i. e. in identifying 
the second best alternative sccnario. SSC cannot discriminate between SO and SC2, leaving the 
result for further iteration. However, SO and SC2 can be prioritiscd by utilising AIIP, which 
therefore provides a more precise ranking of the altcrnativcs. 
The reason for the small deviation in the results can be attributed to the higher accuracy involved 
in AHP due to its perccntilc-based calculation involving quantitative values. I lowcvcr, qualitative 
values are used in the SSC method. Thus, AHP appears to hold some advantages over SSC since it 
can be used to identify a archetype while the criterion / product values arc required to be analysed 
in percentile basis, whereas SSC can only operate by using priority levels. I lowcvcr, in-spite of die 
small differences in the results from the two methods, it is evident that the SSC dcvclopcd here is 
cfficient for the identification of a suitable scenario. 
6.5. Application of RM to the case study product 
Having compared the decision-making methods involved in identifying a suitable archetype for the 
case study of the socket component, this section discusses the requirements of RM for the 
manufacture of the socket component, its suitability, the applicability of archetypes in decision- 
making concerning the manufacture and the supply chain. Discussion within the identified sector 
is from different perspectives, namely, the customer, the manufacturer, RM's manufacturing 
capability and the difficulties involved in application of RM. 
For the case study product, amputees are given dctails about RM's projcctcd manuracturing 
capabilities and their views on the socket component arc colicctcd. Ilis idcntirics the amputccs' 
expectation of RM as the manufacturing technique of choice for a body-fittcd, customiscd sockct 
with reduced lead-times for manufacture and product reach (A3 and A7). They also cxpcct that 
RM would provide better service levels than the present day manufacturing systcm. In particular, 
they seek for their immediate requirements of rehabilitation units for their physical activity to be 
met. Further, they estimate that RM will help to eliminate their lifclong depcndcnce on a singic 
prosthctist for the maintenance of their socket, which is required at pcriodic intcrvals (MI and 
M3). 
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The dcmand for skillcd human labour in craft-bascd manufacturing mcans that manufacturcrs are 
looking for new ways of manufacturing their product and have shown a keen interest in the 
application of RM within their production system. ]Fhey predict that cffcctive RM utilisation can 
reduce the lead-time and inventory held on their shelves and in their distribution ccntrcs. 
Furthermore, by manufacturing non-customiscd products using RM they predict that they will be 
able to stay competitive in the market. With the projected manufacturing capabilities of RM, 
manufacturers need to manufacture light weight, composite material, socket components to obtain 
high strength at lower weight (M I and M2). 
Present day technology improvements in manufacturing have provided several ways to 
manufacture the socket. CAD/CAM has found a wide application in the manufacture of moulds for 
prosthetic sockets (Walsh et al., 1989, Michael and Bowkcr, 1994). 1 lowcvcr. patients fitted using 
CAD /CAM-designed sockets required at least one additional fitting attempt compared to the 
traditional craft-based method of manufacturing. Realising this deficiency of CAD / CAM 
applications and the cost involved, the traditional mould-bascd method of manufacturing is still in 
use. On the other hand, socket manufactured using CAD / CAM %-as found to have an improved 
accuracy of fit and reduced lead-time in manufacture. As a result, prosthetics manufacturing found 
an application for RP technologies (early RM) in the direct manufacture of cnd-use sockcts using 
different RP techniques. Sockets fabricated using SLA - 250/40, consumed times of 58 and 26 
firs, where it further involved hcfty costs and high brittleness (Freeman and Wontorcik, 1998 mid 
Goh et al., 2002). Following this, they were later manufactured using various comincrcial RP 
machines e. g. Stereolithography which took 48 hrs; Laminated Object Manufacturing, 26 hrs and 
Selective Laser Sintcring, 23 hrs (Rolock and Tuckcr, 1998). Rcalising the advantage of time 
rcducfion, different RP technologies were investigated for the manufacture of custom-made 
sockets. 17he technology has proved to have enormous potential for eliminating tedious and time- 
consuming steps (Ng et al., 2002) since it involves the manufacture of products from scan data 
(Chee et al., 2000). 
Tay et at (2002) utilised Computer Aided Socket Designing (CASD)/ Computer Aided Sockct 
ManufiLcturing (CASM) with a fiiscd deposition modelling machine for prosthetic manufacturing. 
'Me product was fabricated using the FDM 1600 Stratsys machine, with the material being nylon 
P30 I. 'Me fabrication time involved 29 hours and the weight of the adult socket was 0.332 kg with 
a height of 228 mm, figure 6.13. The fabricated product was tried on a patient for a period of 7 
months and usage of the product proved to be cff icicnt. Observing the production time of 29 hours 
involved when using RP, reducing the production time and cost of the product bccatnc a major 
issue. Several thoughts flourished such as increasing the nozzle size of the FDM machine to 
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reduce the product manufacturing time, which was discovered to be a disadvantage lit the later 
stages. As a remedy, the Rapid Manufacturing Machine was developed for the niantil'acitire of' 
prosthetic sockets; 
Figure 6.13 Product manufactured in FDM machine Source (Tay et al., 2002) 
1ý1. 
The developed Rapid Manufacturing Machine (RMM) for socket nianu fact if ri fig increases the 
nozzle size and functionality. However, this results in the manufacture of sockets at an increased 
weight and with unsatisfactory structural rigidity when in use by an amputee, Various 
manufacturing machines were developed using RP technologies (Goh cl al., 2002) where sockets 
were manufactured in 45 min but then experienced local bending and buckling. All these methods 
are aimed at reducing cost and the time of socket manufacture, but they are in the test )Julse. Froin 
the above discussion it is pertinent that RM is finding its way into the inantifilcturc of' s(x: kct 
components. Furthermore, by adopting RM, manufacturers seek its application in other critical 
areas where current manufacturing systems fail to reach-. like eariv prosthetic socket fit, the 
manufacture of socket where the amputee's end bone is sharp (fernu r) etc (M 1, AII Ind M 2) 
Manufacturers are focusing on moving closer to the customer, but because ofspacc constraints tit 
hospitals, in-house manufactunng is not viable. On the same theme, manufacturers predict that. 
through RM, they can move closer to the amputees' point of use becausc RM occupics Icss spacc 
than conventional manufacturing systems. On the other hand, manufacturers identified through the 
archetypes that an alternative method of moving towards the customers' point of' use can rcstll( 
from the utilisation of methods similar to the mobile manufacturing archetype (M 1, M2 and Ag). 
Amongst several benefits of RM in this case study product, there were some doubts Customers 
felt this would be another "dream come true" machine, which might exist or might not (A2 and 
A7). Before the effective application of RM, some of the manufacturers' details should be 
carefully analysed (A8, M2 and M3), such as, technical feasibility, busincss benefit analysis, 
production cost analysis and supply chain impact analysis. From the material perspectivc. 
manufacturers see RM as being at a very early state. It is because, the material to be used in RM 
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for the manufacture of socket component must be accepted by NICE - UK since the sockct 
component will be in close contact with the human body (M2 and M3). 
In custom socket manufacture, RM is criticised for developmental requirements in scanning the 
stump data for socket manufacture. Utilisation of RM in manufacturing, demands more skills from 
the prosthetist or manufacturer, i. e. from present day custom product manufacturing using craft- 
based skills to technological skills. With the inability to mass manufacture products, a structured 
supply chain system to reduce inventory on non-customiscd products, which goes along with the 
custom socket component, is required. Finally, although in-house manufacturing or manufacturing 
close to the customers' point of use was found to be advantageous for the use of RM in the 
manufacture of medical components, manufacturers critically doubt RM's capability since it 
requires the use of high power lasers for product manufacture (M I to M3). 
6.6. Summary 
This chapter concentrated on the objectives of research namcly, testing die decision analysis 
system to identify a suitable supply chain structuret=hctypc and investigating the suitability of 
RM and its effect on the supply chain with a case study. Seen through chapters 3 and 4, flic 
suitability of the application of combined exploratory and normativc methods for the current 
research work. As an exploratory technique, archetypes and suitable normative techniques arc 
developed in chapter 5. This chapter focused on identifying the suitability and applicability of 
these methods. 
Realising the applicability of a single case study, the search was for a suitable case study product 
with reference to RM's product manufacturing capabilities and according to the suitability of each 
criterion. This focus identified prosthetics as a suitable case study and the socket as the appropriate 
product. Following the identification, the initial study was on the growth development and 
application of the product. With the focus of the research being on customisation, customer 
requirements for this socket component have been studied. With the restrictions on facc-to-facc 
interviews with disabled people, the study was carried out through Internet forums to obtain dicir 
views on product customisation, utilisation and service. I-laving idcntiricd customer (amputee) 
views on this productý the focus moved on to examine the manufacturing perspective. A detailed 
study of the manufitcturing and supply chain logistics of the case study productwas carried out. 
Identifying the need for the study and the suitability of manufacture using RM, there %vas a need to 
review the research into decision-making. With the identification of the product and criterion 
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requirements, the focus was to identify a suitable scenario. Decision analysis progressed with the 
application of two methods, SSC and AHP. Applying form-bascd SSC, this selection idcntifics 
SCI (Hub-based manufacturing) as the most suitable scenario involving product-bascd sclcction. 
Following product-based selection is the critcrion-bascd selection method. This idcntiricd the 
suitability of SC I as the best alternative however, SSC identiricd SC2 as being equal to SO as a 
possible solution. As the focus is to identify the deviation in results and to overcome any 
difficulties that arise in the form-based SSC method, the AIIP method of arclictype sclcction was 
adopted. Here, archetype selection through AHP involving product-bascd and critcrion-bascd 
methods identified SCI as the most suitable archetype. As there was a slight deviation in the 
results obtained by the SSC and ARP methods, a comparison was made bctwccn the methods. 
Both the methods identified SC I as ihe most suitable archetype. But, SSC idcntiricd SC2 as being 
equal to SO as a possible solution. Alternatively, AIIP defincd a spccific ordcr for dIcsc two 
solutions. This deviation is identified because of the qualitative judgemental values used in SSC 
and quantitative values used in the AHP method. 
Finally, the possible application of RM to the case study product is studied. Ilis idcntiried the 
existence of early works on the application of RP in this product sector and found that RP's 
complex profile manufitcturing ability reduced lead times, a finding of significant importance. 
Discussing the current work context, the non-contact measurement ability of RM %N2s also scen as 
being helpM for the manufacture of early prosthetics (after amputation). This is along with several 
other benefits viewed from both manufacturing and customer perspectives. Following the above 
analysis of the decision analysis systems and the archetypes for the applicability of RM in product 
manufacture, the next section discusses the findings of this work. This includcs the findings ftom 
literature, identification and application of the methodology, the development and testing of future 
projections and the areas requiring fiffther research. 
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Chapter 7. Discussion 
7.0. Introduction 
This chapter details the achievements of this research and the contribution to knowledge with 
respect to RM that has been achieved. The facts that have been identified in the literature and 
applied in this research are set out, along with the results obtained. The correlation bctwccn this 
research and the literature are noted. There is also included a discussion about thc objectives and 
whether these have been met by the results obtained. Finally there is a discussion about the 
methodology adopted in this research. - whether it has been successful and what could or should 
have been done differently. The potential of the scenarios approach is also reviewed, 
Following the application and analysis of scenarios, this chapter discusses the analysed rcsults of 
the scenarios / archetypes in detail. Discussion is within the research parameters; customisation, 
lead time and inventory reduction, along with the recommendations of change required for RM to 
make it a viable manufacturing system and to sustain it as a future potential manufacturing systcm. 
RM's potential as a manufacturing technique and its ability to improve supply chain performance 
is explained further by providing detailed outline knowledge on the dcvclopmcntal pad) of RM. 
The chapter ends by providing a detailed review of the contributions made by this research. 
Insights from this research 
This section discusses the insights obtained from this research with rcspcct to the potential of the 
RM process. 
7.1.1. The capability of RM process to provide highly customised products 
In Section 2.1, RM is seen as a potential manufacturing machinc to manufacture complex products 
with the data obtained through non-contact measuring. Working on the case study product 
application, the influential application of RM is studied, i. e. the potential areas where RM can be 
applied and where conventional manufacturing machines fail in customising a product are studicd. 
Working on the case study product application, the application of RM is seen as a viable necd for 
Early Post-Surgical Fitting (EPSF). After amputation, the remaining stump undcrgocs 
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postoperative measures. Figure 7.1 below details the stages involved in preparing the StUnIp after 
amputation. Stage 1, figure 7. I(A) details the initial stage of amputation, figure 7.1(13) details the 
stitching of the limb remaining after amputation to obtain the final shape as shown in figure 
7.1 (C). To obtain the final limb profile involves the wrapping of soft bandages and begins early 
progressive conditioning by exercising, stretching and other physical inetheAs followed hN. 
compressive wound dressing to control swelling and promote stable limb voltillic and aid ill proper 
socket fit at the later stages (McCollough el al., 198 1). 
Figure 7.1 Amputated portion of limb and its final preparation for prosthetics 
C 
This prosthetic product that is fitted to an amputee at the final stagc and N%hich covcls 111c 
amputated organ immediately after the operation is called the FTSF It provides a gctlcral 
improvement for the physical condition of the patient by preventing hypostatic pncunionia, 
phlebothrombosis and psychological depression (Nicholas et al., 1993). Until recently thc ITSF 
was a disposable soft elastic band, where prior supports were provided in ordcr to gi%c a rigid 
support. But, it is found to be painful and/or difficult to use as a prosthetic device, this Is also trlic 
for the case of pneumatic dressings. Further, dunng the period of amputation. regular inspcoi0ii is 
undcrtaken which can leave the amputee with severe pain. To overcome the pain experienced by 
the wrapping of the elastic band on the stump, the patient was supplied with rigid sockets that were 
made when the patient was on the operating table. 'T'hough these rigid dressings arc custom madc. 
when they are cast and cured, a certain amount of heat is liberated that could be expericliccd by the 
amputee and these casts cannot be reused as the healing continues (Carroll, 2001) Ilowevcr. 
during early stages, up to 160 days of amputation, the volume of the residual hint) changes . 111d 
custom manufacture of sockets is limited because of the contact involved in manufacturing the 
socket and the frequent changes of limb volume. Therefore, the need to ha%c a non-contact 
means of measurement and a custom EPSF Since RM is a non-contact measurement and 
manufacturing method, it can be applied in this type of custom manufacturing arciia This implies 
that there are several unexplored areas where RM might be a suitable solution and %%rhiCh COtjl(l J)C 
identified by a detailed analysis. 
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Alternatively, Jensen and Svensson (2004) fiathcr discussing on customisation claim that 
customisation is easy and possible for manufacturers with very high volumes. Tbcy quote the 
example of Dell computers whose success is partly due to the very high number of units produced, 
which enables the company to push products to a high degree of completion before adding 
customiscd features. They go on to claim that the success of the company cannot be directly 
transferred to manufacturers with low production volumes. However, this situation may have been 
overtaken according to the case study application, adopting RM. Alternatively, this application of 
RM in customisation is identified to change customisation in various stages of Ole value chain, 
namely from distribution, manufacturing and design, by altering the possible degree of 
customisation. Thereby, a research gap to search for products that would need an "in-depth" 
degree of custon-dsation is created. This was previously lcft unnoticed because of the 
manufacturing lag in customising products. 
7.1.2. Integrated approach of RM and IT 
Following the lack of focus on inter-functional strategy interactions between manufacturing and IT 
strategy as highlighted by Ho (1996), this glaring lack is satisfied. This is achieved by 
conceptualising the logic, scope and patterns of the interactions of RM and IT. That is, the 
strategic role of IT from a manufacturing perspective, namely, technological push, is 
acknowledged. Ile technology scope and IT alliances with RM and the supply chain are analysed 
and identified through the application of archetypes. This shows that there is scope for RM to be 
integrated with IT systems. Although some applications are studied, the identification of some 
possible applications of integration should form the focus of further study in this area. 
Seen through the operation of the manufacturer involved in the manufacturing archetypes and from 
the case study, RM is identified as a means of reducing the total cycle time involved from product 
order to delivery and is capable of increasing responsiveness to customer needs. 711is is because, 
as seen through the archetypes and the case study, RM holds the potcnfial to integrate with other 
systems, in particular with IT systems, thereby, providing an information flow line up to the shop 
floor where customer product requirements are designed by the design team and the opportunity of 
incorporating customer modifications close to the point of product manufacture is possible. In the 
context of integrating RM and IT, one respondent (R 12) commented, "RM will bc a potcniial c- 
manufacturing machine, providing opportunities for small manufacturers to enicr into thc global 
market". Here, respondent responses are referred from RI to R23, please rcfcr Appendices BI for 
further detafls. . 
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Since the methods of managing inventory are many and the focus of this research is for reducing 
inventory, archetypes are constructed by coupling the information system with the manufacturing 
methods. By adopting RM, material flow lines are replaced with information flow lines. i. e. 
material flow is replaced by dematerialised product data, thus the absence of material in the system 
automatically eliminates the inventory involved. Considering the inventory in the case study 
application, the case study product involves fast moving A components and slow moving B and C 
components, where B and C components involve inventory cost while not contributing to business 
profitability (W). Generally, with the socket being a custom component, A, B and C components 
are held on the shelf as inventory (MI). This case study application idcntiricd that adopting RM 
would be in the manufacturer's interest since manufacturers interest is in holding digital inventory 
on the costly slow moving products, where as the socket component is manufacturcd on demand 
by the application of RM (M I and M3). 
7.1.3. The RM process will influence the organisation structure of companies 
Referring to the literature, custom products cannot be delivered at the time of purchase and tho 
greatest challenge for the supply chain is the delivery of custom products. To overcome this 
challenge, developed archetypes involved different distribution methods; namcly, digital product 
delivery and product delivery in a predefined space. On the same theme, though dynamic 
manufacturing and distribution methods provide a potential to reduce overall performance on a 
custom productý the disadvantage lies in transportation cost (RI 1). Methods to overcome the cost 
involved in transportation and specific methods to reduce the cost of die custom products are 
required. Sections 5.3 to 5.7 note that RM applications adopt the Internet for the transfer of 
product data, a method known as dematcrialisation. i. e. the digitisation of physical product data, 
by the application of CAD. Thus, by utihsing the digital product data, the physical product can be 
manufactured in the RM machine. These methods of product distribution using die Internet 
provide an cfficicnt distribution method, thereby reducing much of the logistics activity and cost in 
the supply chain and influencing the supply chain and organisational structure. 
Further, from the structure of the archetypes, it can be rcaliscd that the application of RM in 
supply chains will reduce the middlemen involved because the application of RM and inforniation 
integration would lead to a direct interaction between the customer and the nianufacturcr involved. 
This is particularly expressed by RI 2 as "adopting RM will not require sales executives, purchase 
and marketing departments; RM will involve production without the use of sales executives". A 
ffirther description of RM's influence on organisational structure is detailed in Scction 7.5.2. 
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7.1.4. RM does have environmental consequences 
Adopting archetypes, RM is projected for various types of dc-cciitrallsed applications. Thcsc 
applications include a manufacturing hub, mobile manufacturing application, manuflacturing in a 
. pes, as projectc(l 
through remote location, manufacturing in housing areas etc. But, these archetv 
the questionnaire and the feedback obtained from respondents (R I to R 23), raised concerns about 
the possible environmental effects that RM would have during application. Figures 7.2 (A & 13) 
show that every individual form of application is projected to have some percentage of 
environmental effects. Referring to figure 7.2 (A), amongst the developed archetypes, the Mobile 
manufacturing system archetype is projected to have high environmental effects followed bv the 
RM in service industry archetype and finally the Hub-based manufacturing archetype Thc 
corresponding percentile values of the archetypes define the environmental awareness. '11w Inglicr 
the value of environmental awareness, the lesser is the effect on the environment 
Figure 7.2 Environmental analysis on manufacturer-based (A) & customer-based 
(B) archetypes 
0 Hub based manufacturing 
M Mobile manufactunng svstem 
M RM as a retailei & nifgat kmý Lorner hut)!, 
0 RNI in service industrv 
M RM in housing colonies & home based mfq 
Following the 'manufacturer involved' manufacturing archetypes, the factor of' environmental 
awareness is analysed for 'customer involved' manufacturing archetypes. Figure 7.2 (11) details (tie 
environmental awareness by the corresponding archetype. 'Me higher percentile value dcliotcs that 
the awareness of that archetype has less effect on the environment. These data indicate that. 
irrespective of RM potential, manufacturers doubt the environmental threat posed by RM. 
7.1.5. The scenarios approach provides insights for the fulure of RM 
Scenarios have been identified as a potential method for die study, analysis and c%aluation oftlic 
fiiture applications of ". By working through the applications of the scenarios, several practical 
difficulties in this research were overcome. One such example was to obtain dic %, IcN%s of' 
respondents on the potential use of RM. With the application of the scenarios / archctý, Iies method 
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it was easy to communicate the research problem and obtain the critical fccdback. Some of this 
feedback is included below. 
One respondent (R9) claims that, "There is no doubt that certain consumer prothicts will be 
designed using elements ofthe RMprocess. But much of this activity will be by hobbyists, )vunger 
people with time and on specific items where the advantages are overwhelming". 711us, the 
application of archetype allows the identification of a situation where, rather than consumcrs 
designing such items, there will be a class of intermediaries or middlemen who will provide an 
expert interface between the technology and the customer for such applications (example: approto 
(Approto, 2007) ). On the other hand, relevant information on RM addressed important questions, 
concerns and perspectives regarding RM application. Questionnaire participants gcticrally agreed 
that RM is capable of inventory, lead-time reductions, and customisation improvements for 
products (R1 to R23). But, voiced concerns regarding low volume products and the developmental 
requirements concerning such areas as service and the manufacture of high volume products. One 
such respondent (R20) utilising RM detailed, "RM does not fit in with conventional quality / 
finance systems, causing major problems as compared to traditional manufacturing operating 
systems in large companies". 
Utilising archetypes, certain limitations of RM were also obtaincd from the qucstionnairc rcsults. 
Some of the users of early RM defined certain limitations, namely: 
a) "From a technical point of view the scan data obtained takes a long time for 
conversion to CAD data files and it needs an experienced person to undertake this 
job "- R23. 
b) "Quality ofproducts manufactured becomes an issucand it requires proper testing of 
the products before use "- R23. 
c) "RAf can reduce inventory and lead time on products only tf It's close to the Ivint of 
use - else it is a conventional manufacturing nuichine " Rl I and R21. 
Alternatively, discussion about the application of archetypes in current research focus has 
identified several possible difficulties faced by RM. Once such difficulty, is that RM is focused 
towards the manufacture of custom products. On the same theme, archetypes arc developed with 
the ability to involve custom product manufacturing possibilities. Following development, Ole 
requirement to group products suitable for manufacture through RM was identified. Working on 
the classification of products suitable for manufacture by RM provided some useful insights into 
the product manufacturing capabilities of RM. Identified is that RM has significant limitations for 
product manufacturing and lacks a product classification or grouping of products that = suitable 
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for manufacture through RM. The application of RM is not suitable for all products and it is 
critical to identify the products which are suitable for manufacture. Therefore, a grouping / 
classification of products that are suitable for manufacture through RM is requircd or the poor 
mismatch of product to RM might suggest that RM is an incfficicnt manufacturing machine or 
leave RM as a conventional manufacturing machine. On this theme, one respondent (R4) claims 
that "RM capability would befilly utilised only on the Ident(fication of a suitable product t)pc". 
Therefore, in spite of RM's potential, the identification of suitable products for manufacture is 
required. Similarly, another respondent (R12) notes "RM would be a potential manufacturing 
machine for quick change over of product families, rather than for the manufacture of same 
productfamilies". 
Certain limitations were also identified through the application of archct)pcs. All the rcspondcnts 
fclt that the developed archetypes had covered most of the possibilities (III to R23). 71iough 
archetypes helped to provide an insight, they also narrowed or limited the rcspondcnts' focus in 
imagining further possible applications / suitability of RM in the supply chain. On othcr hand, with 
no real means of measuring the developed archetypes, it became difficult to validate die devclopcd 
archetypes. This remains an uncertainty for this study. 
7.1.6. The case study demonstrated the potential of RM 
77he case study, along with its need for application, further helped to crosschcck the respondents' 
views on RM in supply chains. One such example is where nineteen respondents to die 
questionnaire saw RM as a custom-product manufacturing machine, explaining the inapplicability 
of RM for the manufacture of standard products. This was further confirmed through the case 
study productý where prosthetic product manufacturers viewed RM as a suitable machine for 
custom-product manufacturing applications while the application of conventional manufacturing 
machines was preferred for the manufacture of standard products. Working through the case study 
product identified several other factors concerning the application of RM in the supply chain. 
7.2. Insights obtained in relation to the literature review 
This section discusses the findings of this research in rclation to the literature review. A detailed 
explanation under different sub-headings follows. 
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7.2.1. Classirication of products 
Section 5.13.2 refers to the difficulties of handling the significant amount of literature on die 
detailed classification of products. However, researchers have classified products according to 
their needs, particularly for some criterion values. For example, Fisher, (1997) classified products 
as functional and innovative according to the criterion of the demand cycle. In the same context, 
this research has tried to classify products and shown that such classification of products is 
difficult. Alternatively, following the knowledge obtained through the literature, products l=vc 
been grouped according to the criterion "ability to manufacture in RM". This knowledge obtained 
through research defines, adds to, and agrees with the body of knowledge in die literature that 
claims that, although the classification of products is a difficult task, it is possible to classify 
products if certain needs or criteria are known. Thus, the unavailability of literature related to 
classifying products suitable for manufacture through RM, this problem has been overcome. 
7.2.2. Product criterion 
Working on the identification of suitable criteria, it is rccogniscd that, customer and manufacturer 
criteria will vary from product to product and also according to the manufacturer / customer 
involved. On other hand, applying the identified set of criteria, for the case study product, 
identifies that the criteria for a product vary from customer to customer and from manufacturer to 
manufacturer. Also, in the case study product, some new criteria emerged for both die customer 
and the manufacturer. This research adds to the knowledge concerning the variation of product 
criteria from product to product and also from the customers and the manufacturers involved. 
7.2.3. RM application in the supply chain 
Literature discussing the potential of the RM detailed, application of RM in the supply chain will 
provide potential benefits to the supply chain. But, working on the application of RM in supply 
chains, it has been identified that the fiill potential of RM application is dependent on the supply 
chain adopted. A simple application of RM in a supply chain would be leave RM similar to a 
conventional manufacturing machine. This is highlighted by three respondents (RI, R8 and R17) 
to the questionnaire. "RM would be seen as a potential manufacturing machine only with a sound 
business practice, the application of RM as a manufacturing method is not going to change the 
process without a sound business practice". 
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7.2.4. Reduction of fuzziness in the qualitative values 
As seen earlier, before proceeding to scenario / archetype-based dccision-making, the archetypes 
need to be analysed. But the literature review identifies that, since the application of RM in the 
supply chain is new, there is a lack of data for analysis. As a result, the widely adopted method of 
pair-wisc comparison is used, thereby expanding its application to multi-critcrion decision 
analysis. The application of multi-criterion and linguistic evaluation by respondents is identificd as 
resulting in fiizziness. Zhou et al (1999) and Chan et al (2000) also claim that the application of 
linguistic values when defining the future results in fuzziness of the data obtained. 71crdorc, to 
overcome the fiaziness involved in the obtained qualitative values, triangular fuzzy numbers are 
used. This is through the application of simplified equations with an averaging function. I'lic 
methodology adopted in reducing the fuzziness involved in the obtained qualitative values on 
archetypes adds to the body of knowledge concerning the reduction ofthe fuzziness or uncertainty 
involved in qualitative values. 
7.2.5. Decision analysis tool kit 
Generally, scenario / archetypes arc evaluated for a situation using cxpcrt opinion, %vilich rcsults in 
the archetype with highest evaluation rating being selected. For some cases, historical data for 
analysis exist. To name some, Harker and Eason (1999) used a group of people to cvaluatc 
scenarios, Radzius (2004) used a sccnario-bascd test program, an iterative proccss to sclcct a 
scenario / archetype by analysing a complete description as how the systems is cxpcctcd to behave 
under all circumstances, repeated until an expected result is obtained. Pomcrol (2001) uscd 
decision theory / decision trce for sclecting a suitable scenario / archctypc. VVhilc, current 
archctype-based decision analysis involves the selection of a suitable archetype for the rcquircd 
parameters while holding the other alternative archetypes. In this context, the unavailability of a 
suitable decision-analysis tool kit is noted. As the need is to develop a new dccision-analysis to 
satisfy the current needs, a novel form-based, dccision-analysis system, SSC, %vas dcvcloped. In 
order to verify the results obtained, the widely adopted method of AIIP analysis is undertaken. 
Testing of the developed decision-analysis is carried out with the application of a case study. this 
is along with investigating the suitability of the developed supply chain structurcs %vith RM as a 
manufacturing machine. The results obtained after analysis, make the suitability of the application 
of the developed SSC evident. 
The develop6d tool kit, SSC, archetype-based dccision-analysis systcm, could be utiliscd for any 
other decision-analysis requirements involving three parameters. Ilic currcntly. uscd 
methodological application provides an insight into futurc-bascd dccision-=I), sis whcrc thcre is a 
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lack in historical data. It thereby contributes to the literature by providing guidance on the analysis 
of technological forecasting. 
7.2.6. Search for RM potential in product customisation 
Whilst focusing on RM's suitability in the identified case study product, RM as a potential 
manufacturing machine for the manufacture of custom socket components (M 1, M3 and A7), yct 
another application of RM, namcly for EPSF production, was identificd. The currcntly available 
manufacturing techniques for EPSF leaves an amputee with pain (MI), altcrnativcly flic 
application of RM with its non-contact method of manufacturing the custom product will case the 
manufacturing potential and amputee comfort when providing the EPSF. This focus adds to the 
body of knowledge regarding RM's potential in product customisation and idclitirics that RM's 
non-contact manufacturing techniques make it especially suitable as a rcplaccmcnt for 
conventional manufacturing in the medical field. 
7.3. Relationship to the initial objectives of this research 
This thesis, as with all philosophical doctorates, had some initial objectives to address the research 
question. This section specifically aims at highlighting the context of meeting die research 
objectives and describing whether the research objectives are met. In addition, a number of die 
most significant findings obtained while working towards these objectives arc discussed. 
Referring to chapter 1, Section 1.2, the research objective is to investigate die benefits and 
difficulties of applying RM in the supply chain. As a result, as seen through chapters 3,6 and 7, 
the research objective of investigating the potential of RM in the supply chain is carried from both 
theoretical and empirical perspectives. Tlicorctically, supply chain structures were developed and 
subjected to empirical decision analysis. Discussing about die second objective of identifying die 
potential areas in the supply chain that would benefit from die application of RM, it soon became 
apparent through literature review that the supply chain was a vast area and that working on all its 
aspects was beyond the scope of this research. As a result, the potential areas highlighted by RM 
were studied. 
Seen through chapter-2, literature review raised the research questions to be answered and 
increased the number of objectives. Referring to chapter-2, Section 2.9. the objectives are to 
develop suitable supply chain structures to study RM and identification of a methodology to 
investigate future RM applications. Working towards these objectives, chapters 3 and 3 idcntiricd 
scenarios as a suitable methodology to study the future applications of RM. Adopting scenarios, 
166 
Chapter 7 
different supply chain structures as archetypes were developed with RM as a manufacturing 
machine and the study was conducted. 
Seen through chaptcr-3, Section 3.4.1 identifying a suitable methodology to projcct the future of 
RM brought forward three objectives. Namely; to adopt a suitable methodology to obtain cxpcrt 
judgement on scenarios, development of a suitable decision analysis system and validation of the 
system. Seen through chapter 4, a suitable research design map is followed, a mix of both 
qualitative and quantitative methods are used to obtain the judgement on scenarios. With die need 
for development and testing of a decision-analysis system, a unique dccision-analysis tool kit was 
developed in chapter 5. Finally, refuring to chapter 6, the developed dccision-analysis tool kit was 
tested by the application of a case study in order to meet the research objective of investigating die 
suitability of RM application in the supply chain structures. 
Referring to Section 1.2, chapter 1, the final research objective A-as to describe the possible 
benefits of the application of RM in the supply chain and to make any necessary recommendations 
for changes required to allow RM to be sustained as a part of the supply chain. Ilicsc arc dcscribcd 
in chapter 7 along with some fiirthcr work that could be carried out in context to thc rcscarch 
question, which is developed in chapter 8. 
7.4. Discussion about the research methodology 
With the research focusing on future projection, analysis and dccision-making rclating to future 
possibilities, a unique methodological approach is adopted and results arc obtaincd. 71iis Section 
briefly discusses the adopted methodologies and the results obtained. 
7.4.1. The scenario approach 
For identifying the future potential and impact of RM in the supply chain, a spccific methodology 
is required. This is along with the development of suitable supply chain structurcs adopting RM to 
allow the study of the impact of RM in the supply chain. Ilie search for a suitable nicthodology 
identified the technological forecasting approach with a combination of cxploratory and normativc 
methods. As the requirement is to develop suitable structures, amongst the cxploratory methods, 
the scenarios method is identified as being suitable for the study of the potential of RM in supply 
chain. 
Various authors have suggested different methodologies for the devclopmcnt of scenarios. 
Schoemaker (1993) suggested that the approach to be adopted should be cithcr optimistic or 
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pessimistic, whilst Gausemcier et al. (1998) identified the need for a future time horizon (thc 11111c 
in the future that should be described by the scenarios) and the possible dc%clolmiclits or 
projections. Harker and Eason (1999) detailed the application of the case study approach Postarna 
and Liebl (2005) emphasised the necessity of utilising the drivers and trends DifICrcnt atithors 
have suggested different procedures for scenario generation. Thereforc, Sections 5 .1 to 57 set out 
a selection of the methods adopted in generating scenarios. I lo%%c%-cr, R; itcllt)'C ( 1999) clainis that 
there is no specific procedure for scenario generation and the freedom lies with the devchipci 
Table 7.1 A comparison of selected scenario-generating procedures (self reported) 
Vanston Wilson Linneman De 
et al (1978) and Klein (1 
(1977) (1977) 
Number of 3-6 3 or 4 3 or 4 3 
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- --- - ------ Are 
probabiliti No No No Ye 
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Does it 
use cross No Yes No No 
impact 
analysis? 
How is the Considers Scoring by Considers Co 
no of many probability only key onl 
factors factors and factors fac 
reduced importance 
How are To Scenario Selects Ju( 
scenarios conform to writing and plausible al 
selected the cross-impact combination trai 
themes analysis s of key int( 
factors pe, 
mo 
Kluyer Beckei clurvill 
80) 
1 
(1983) 
ý 
resealch 
3 -5 
11'. 
ý palles 
st likely Most likely Surprise 
II 
fret, 
t/ pess I opt/ pess I opt / poss 
No I No 
No I No 
isiders Considers Considers 
V key only key only key 
ors 
I 
factor sI fa(lors 
gement Selects -', elects 
plausible plausible 
slation combination combination 
opt / s of key s of key 
s and factors factors 
st likely SSC /A) III 
i 
method% 
Numerous authors have developed scenar-ios; for their specific needs along %% ith ýj sct of* jjv; jjl; jj)lc 
data. However, there is a lack of historical data on the application of' RM in the suppIN c11,1111 I*ol 
currently developed scenarios / archetypes. With Wilson (2000) eniphasi., ing ýj specil-Ic 1jectl 1-01 
scenario representation and for the case in obtaining rcspondcnt data on suppk cham snuc(mcs / 
archetypes, all archetypes are represented in a newly developed templatc. Thesc de%clol)cd ; jjjjl 
represented archetypes, as claimed by Bitim ef al. (2001), have partictilm conipctiti%c caplbililics 
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employing specific types of layout, resources, information flows, systems, procedures and 
technology. With a detailed discussion being provided in Section 7.7.1, repetition of the same 
topic is omitted. In contwit, table 7.1 compares a set of these procedures along with a column 
discussing the developed research methodology on scenarios. 
It is on the last point that the procedures differ, Vanston et aL (1977) use the deductive approach, 
i. e. sclecting the dominant background. Linneman and Klein (1977) and Bcckcr (1983) used the 
inductive method, i. e. focusing on a few impacting factors and postulating the possible futures. 
Conversely, DeKluyer (1980) uses an intuitive approach for integrating die factors, That is, a 
procedure that relies on judgemental integration that is less mechanical and also less descriptive, 
However, current research involves scenario / archetype selection by avoiding repetition of die 
developed archetypes and finally by application of SSC and AHP methods for arclict)pc scicction, 
leaving a novel method of archetype selection. 
A archetype in the current research context involves structuring alternative projections for 
manufacture and product distribution as well as adopting an integrated approach with other 
technologies. Scenarios stand as a tool kit for identifying a suitable supply chain structure / 
archetype (for product manufacture through RM) and for identifying the potential arcas of 
improvement of RM. Scenarios are adopted as a method of creativity, supporting a range of 
possible divergent thinking and to allow multiple future possibilities. This is because scenarios 
involve a process of rational assessment rather than creating insight into the problem with 
immediate images by pure imagination. i. e. scenarios allow an increased understanding and 
knowledge of the problem and involve refinement in the development of the scenarios. ftarding 
the working of scenarios as detailed by Ringland (1998), in spite of its strategic approach. they arc 
quick to work for a beginner and serve as an easy method for future forecast application. 
As the application of scenarios / archetypes is to develop, measure and learn about die future and 
how the process can and will change, the first and foremost archetype focus was on the use to 
which RM's design efforts could be put. i. e. what people can do with the system and the 
consequences for themselves and their organisations. Focus is on how to prepare and manage the 
change along with defining multiple ways in which RM can manufacture and distribute die 
required custom products to the customer. Projecting the future of RM, the future requirements of 
RM and its bencfits are identified and will be cxpWned in later sections. As the future cannot be 
predicted with great accuracy, the critical research factors within the current work requirements 
are analysed. The fi-amework for analysis was to identify how RM can function as an altcniativc 
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future and how these alternative futures will differ from one anotlicr. To summarisc, the 
archetypes judged the future of RM with regard to: 
1. Increasing understanding by helping to see what a possible futurc might took likc and 
how it might come about, 
2. Identifying necessary supportive tools for RM emergence, 
3. Exploring what manufacturers / customers might do if certain circumstances arise, 
4. Producing new alternatives by fresh considerations that might surface, and finally 
5. Identifying the benefits of emergence and suggesting possible mcasurcs to be 
cffective in the supply chain. 
As any number of potential futures can be seen through archetypes, the numbcr of arclictypes to 
see the future of RM is limited in order to focus on the current research concerning the potcntial of 
RM in the supply chain, rather than concentrating on the possible %%2ys that MI can function in 
supply chain. As different authors suggested that different possiblc numbers of archctypes should 
be used for analysis, the generally agreed number of archetypes was set at two or thrcc macro levcl 
archetypes. Seen through Sections 5.3 to 5.5, three archetypes arc dcvclopcd focusing on the 
manufacturer-involved manufacturing theme and two archetypes (Sections 5.6 and 53) arc 
developed using customcr-involvcd manufacturing themes. Ilis suggests that all the possible 
combinations can be obtained within these archetypes, which was accepted by the rcspondcnts 
(RIto R6, R8 to RII, RI3toRI9, R2 land R23) to the questionnaire. Nineteen of them noted that, 
"The developed archetypes are identified to cover the possible supply chain structures in 
integrating RM, e-com and the supply chain ". 
7.4.2. The case study approach 
This section discusses in detail the case study application undertaken in this research. Application 
of a case study in this research is for the following reasons, namcly; 1) rcfcrring to chapter 3, 
Section 3.4.1, the research objectives defined the requirement to investigate tile suitability of the 
developed supply chain structures with RM. 2) to identify the suitability of RM in the supply chain 
with a case study, 3) to validate the research work, this includes identifying the suitability of the 
product classification developed to suit the needs for product manufacture using RM. 4) To 
identify the suitability of the criterion classification and finally, 5) to validate the decision-analysis 
systcm. 
With the need to analyse the above factors, the search was for a suitable single case study product 
with a low volume of production and build volume, one involving last minute changes and high 
design complexity as well as one which involves physical customer involvement in customisation. 
170 
Cimpler 7 
This below-knee prosthetic socket component was idcntiricd as being suitable. Ile idcntirlcd 
socket component is visualised as having the potential to meet the amputee's need for comfort by 
fitcilitating body-fittcd customisation. Documentary evidence suggested that the current 
manufacturing method of the available socket component was not able to meet the needs of die 
amputee. Focusing on the manufacturing method, identified that the current method of product 
manufacture is more of a craft-based method, and the demands on people manufacturing these 
products is increasing with the lack of people in the field (MI). In future, some form of 
manufacturing method to overcome the demand for highly skilled technicians involved in socket 
component manufacture will be required (M I). 
Following the product-based study of the identified case study product, die focus %%= on die 
validation of the identified criteria, i. e. analysis of whether the current rcscarch-identiricd criteria 
are valid. It is identified that, the criteria for a product vary from product to p uct f, rod , rom 
customer to customer and from manufacturer to manufhcturcr. Explaining bricfly, tho csscntial 
inputs (criteria) for decision analysis / archetype selection arc gathered from the amputee through 
Internet forums and the manufacturer criteria for the product are obtained from the case study 
interview. The customer criterion priorities are identified to be high product custonlisation, 
improved service levels and reduced lead-timc for the product reaching the user while, die 
manufacturers' criteria are manufacturing close to the point of use, looking for newer means of 
manufacturing, reduction in inventory and lead-timc, improvement to service levels and, finally, 
supply chain improvements along with the application of c-com-bascd technologies and reductions 
in the current cost of manufacturing. From the above criteria, it %%-as idcntiricd through the case 
study that all the criteria identified for application in this research work could not be considercd. 
Alternatively, there were some criteria that emerged for this product. One such example %%23 that 
manufacturers are looking for newer methods of manufacturing. 71iis is evidence that the criteria 
vary from customer to customer and from manufacturer to manufacturer. 
Working on the validity of the decision-analysis system, the idcntirlcd case study product is used 
for archetype selection and archetype-based decision analysis is undertaken using both SSC and 
AHP methods. Figure 7.3 details the product-bascd selection for hcad-to-licad analysis of the 
manuflwturer-involved manufiwturing archetypes obtained from simulation-bascd decision 
analysis. With the results of both the SSC- and AHP-bascd methods idcntiricd to be of the same 
value, a sample of the analysis is provided. Analysis is according to the manufacturer involved In 
manufacturing product requirements detailed the suitability of the flub-bascd manufacturing 
archetype. That is, as compared to the Mobile manufacturing system. the Ilub-bawd 
manufacturing system archetype is identified to have a 30% (approximately) better compatibility 
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for this case study product. niis is according to the given priority levels. Ilie lell hand side ot- thc 
figure details the priority levels of the Hub-based manufacturing archetype, %%lule tile right hand 
side details the priority levels of the mobile manufacturing system archetype 
Figure 7.3 Head-to-head analysis (A) 
Hub Based Manufacturing <> Mobile Manufacturing System 
. J. - 
Go-Oba 51.64% 34-422 11412 at 11212 M 421 %1 
:; 
1 
Unweighted head to head between flub Based Manufac-turing and Mobile Mmufloctutinq !; rjjqsm 
Following the identification of unique answers using both SSC and Al Ill. the variation. s Ill 111C 
results from both the methods are discussed. Seen through chapter 6. selection througli SS(' 
identified a solution for the archetypes. The Mobile-manufacturing arclictypc and the scr%icc 
industry archetype are equally suitable for RM. Referring to figure 74, the licad-lo-licad decistow 
analysis graph (AHP application) for products manufactured through inanullicturcr archoNI)cs 
involving criterion-based methods, identifies the RM in service industry arclictypc is a hcinp. moic 
suitable than the Mobile manufacturing system archetype. On a percentile basis, the RM in scrvicc 
industry archetype is identified to have a9% (approximately) better compatibilitN ; is CoI, jl); j, C(j to 
the Mobile manufacturing system archetype. Ili's is particularly for the given criterion valucs for 
the case study product obtained from the amputees and manufacturers. 
Figure 7.4 Head-to-head analysis (B) 
Mobile Manufacturing System <> RM In Service Industry 
19.23Z 12-82% &41% 0% &41% 12 lul 14 111 1 2% 
Weighted head to head between Mobile MarudackKing and RM in Swvioe 
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The application of SSC and AUP for archetype selection idcntificd a single suitable archetype and 
gave unique answers. From the above comparative analysis it is identified that, the application of 
AHP had some advantages over the SSC-bascd decision analysis method, particularly for the 
accuracy involved in decision analysis with the application of quantitative methods in AIR 
Decision analysis using SSC is through qualitative analysis. Also, the Al IP application involves 
percentile-based archetype selection, which was found to be lacking in the developed SSC method. 
Alternatively, this identification of a suitable archetype, it's rcalised through the case study that 
this archetypes application provided an end to end solution for product manufacturc. 
Discussing the parameters identified through the case study from the custom product 
manufacturing perspective, the application of RM and the early cvidcnce of its application in Ole 
manufacture of the socket component indicates that RM would be a potential machinc(MI and 
M3). Alternatively, discussion from the value chain perspective idcntificd that RM can undergo 
product customisation to the core of customisation, thereby involving unique product 
customisation by involving the customer at the design and manufacturing (M 1, M2, M3, R 12 and 
A6). For case of product maillifitcturing it ' 
can possibly reduce the lead time involved in product 
manufacture (MI to M3, R6 and A5). Manufacturers considered the case of manufacturing certain 
products instantaneously by the application of RM to reduce the Icad-timc of die product. This can 
be explained with an example of a product (P) involving both custom and standard components. 
Adopting RM, the product is manufactured, gathered and assembled. Possibilities arise as Ole 
absence of only a single standard component for product (P) during assembly will increase the 
lead-time of the product (P) to the customer. But, utilising RK the individual part for an asscinbly 
can be manufactured in one production session. Tbercforc, this possible manufacturing method 
using RM, is identified as one of the feasible solutions to reduce the lead-timc on products (M I to 
M3, R9 and A3). 
From the manufacturing perspective, lead-time reduction involves the location of the 
manufacturing unit, the existing manufacturing method and the cycle of socket component 
manufacture. Lead-time is the time taken from product order to the product reaching the amputcc. 
77his is seen through the identified archetype, which identifies that the application of RM would 
potentially reduce the lead-time involved (Ml to M3, R20 and A2). 71iis is cxplaincd through 
archetypes where figure 7.5 details the comparative percentile Icad-time reduction on 
manufacturer-involved manufacturing archetypes. Namely, 57.69 % of lead-time reduction by die 
Mobile manufacturing system archetype, 34.2 % lead-time reduction by the RM in scrvice 
industry archetype and 8.11 % lead-time reduction by the flub-bascd manufacturing arclictype. 
Amongst the archetypes, the mobile manufacturing archetype is idcntificd to be efficient in lead. 
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time reduction as compared to the other archetypes of this group. Alternatively, it is evident that, 
in-spite of RM's ability in product manufacture and in reducing Icad-time of pr(Auct 111.111tiflicture. 
the lead time reduction for the product reaching the customer entirely depends on the supply clumi 
structure adopted. This is highlighted by one respondent (R 13) to the questionnaire who notes tfult 
"Possible lead time reduction of product reaching the customer total (Aywnds on the logistics 
perspective and manufactunng location ". 
Discussing inventory reduction as identified through the case study, manufacturcrs viewed RM 
application for inventory reduction on non-customised products. Case study respondenis estinialed 
the reduction in lead-time involved in the manufacture of the socket comix)nent along %%ith ilic 
change in the supply structure from its existing structure, would potentially elln"nalc Ilic inventorN 
held on non-customised components (M I, M3, R19 and A7). 
Figure 7.5 Lead4ime Figure 7.6 Low inventory 
0 Hub based rnanufa(tU(MO 
M MoWe manufacturing system 
0 RM in service industry 
Discussing the data obtained by comparative analysis of archetypes. referring to figure 7 0, the 
RM in service industry archetype is identified as having the highest I)o1c, 111,11 t, ot im, cium, % 
reduction, scoring 48.44 %. This is later followed by the Mobile mantil'acturing system archetNI)c 
at 42.32% and the Hub-based manufacturing archetype at 9.24%. Ilicsc values again sho%%c(l 111; 11 
inventory reduction is possible With respect to the supply chain structure By functionality, the 
Mobile manufacturing system archetype has the potential to deliver products minledialcIN. allcr 
manufacture while the Hub-based system, does not have this functionality As a result. inventor% 
reduction by the Mobile manufacturing system archetype is identified to bc 111gh ; IN C01111), 11-C(I (0 
the Hub-based manufacturing archetype. This further demonstrates that inventorN, reduction is 
dependant on the supply chain structure. 
7.4.3. Other techniques used 
The developed archetypes are focused on the adoption of RM fior the nianul'acturc ofa procluct. Iml 
not all archetypes are suitable for all product types. 17herefore, it is nmessary to ajull%. S. C the 
17.1 
Chapter 7 
..... ility of a archct)pc for a particular product t)pc- Focusing on this context, the suitability of 
Pair-%ise comparison of archet)pes to anal)SC archet)pes is identified. Identi6ring the analysis 
methodology for archct)pcs and %ith the research objective of identifying a suitable methodology 
to in-Tstigate RK the search is for a suitable methodology to provide data on the analysis of 
archct)Pcs. The quanwatnv method was ickntified as being applicable and a self-administered 
qucst'Onna= t3 produced. 1kre, the scale for analysis is Saaty's NNidely-used Nine-Point 
linguistic Scale. 
'1110 questionnaire application rmin y focused on obtaining the blend of input suitable for this 
research COMM It helped to measure the finum RM and its possible functionality in the supply 
chain uTesPccti*, -c of the fact that differau criteria are used in the measurement. This is not a 
suaightforward task because flexibility, Icad-tirw reduction, inventory reduction, build volume etc 
have different dimensions of measurement, consequently they are measured comparatively. Tlus 
ana4'sis al]OWS the focus of RM in the sapply chain to be projectedL Alternatively, to overcome the 
Possible uncertainties involved in fiiturc predictions of RNL fuzzy sets are used- By fiazification 
Of SaatY'S nine Point linguistic scale on the obtained data and by de-fuzzification of the data, 
fulm"s Or unccrtamty on the obtained data is eliminated The finally obtained defuzzified data is 
used for decision anal)sis on the archct)pcs. 
71ýc 'I-Alucs obtained from respondents conccmmg archetypes are detailed explicitly. For analysis, 
the 'MiOr types of archetypes are grouped individually. i. e. comparison is made between the 
manuf3cturcf-invOlvcd manufiLcturmS archetypes and customer-involved manufitcturing 
arcliet)p" individually. Care is taken in construction of the questionnaire particularly to increase 
the und"Standing and to simplify the process of comparison of archetypes. Here the criterion 
capability and Product mantifiwairing capability of archetypes are analysed comparatively and 
detailed irldi%idLW]y. Figures 7.7 (AX 7.7 (B) and 7.7 (C) detad the data obtained for product 
manufac" Capabilities for the manu u=rcr-involved manufacturing archetypes. Different 
colour coding rcPresents the product types within a archetype. Ile numerical values representing 
the Pr"ritia are Cximmscd on a unit scale %%here I represents the fidl potential to mantifitcture the 
Product type and %-alucs less than one indicate a lower potential to manufacture. Ilese values are 
those gcncratcd from the d= obtained through the questionnaire. Discussing a sample value, let 
us incasure the *ccti,. v -Ability to withstand major demand changes". Figure 7.7 (A) (Hub-based 
inanufactuil"S 3rchct)pc) reprcsents value 1, a higher numerical value, while, figure 7.7 (B), 
(Iýfobfle i"133miaCturing systcin archct)pc) has a value of 0.16 and figure 7.7 (C) (RM in service 
"id") a value of 0.25_ By studying these -. -Alues, it is clear that the Mobile manuflicturing 
s)vm archet)Pc has the lowcst ability to withstand major demand changes as compared to the 
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other archetypes. Adopting the same procedure, the potential of each archetype for its 
corresponding product manufacturing abilities are studied. 
Figure 7.7 (A) Figure 7.7 (C) 
Aý 
1.00 46' 0.3 4' J; 
*0.06 
jo, 
*- 
ol ' 0". 93, "0' 4W 
I. 
M% 
Ability to withstand major demand changes C3 Re-configuratxIdy I I'lexibildy 
Unique competence N Product custornisation 
Physical customer involved customisation M Build volume 
Following the representation of archetypes for their product manufacturing capabilities, a similar 
procedure was adopted for the criterion capabilities for manufacturer-Hivolvcd mantil'acttiring 
archetypes. Referring to figures 7.8 (A), 7.8 (B) and 7.8 (C), individual colour coding represents 
the criterion involved and the corresponding numerical value details tile suitabilitv of the archctý-pe 
for that criterion. A value of one represents the ftill suitability of the criterion in that archetype and 
values less than one correspond to decreasing levels of suitability. As an cxwiil)lc, lei us consider 
the criterion "structural weakness", from the results obtained figure 7.8 (A) (I lub-based 
manufacturing archetype), 7.8 (B) (Mobile manufacturing system), 7.8 (C) (RM 11, servicc 
industry). With respect to die highest numerical values, it is clear that for the "structural weakness" 
cnterion, the mobile manufacturing archetype has a higher valuc than the other aitcrtiativcs and is 
therefore has the highest weakness. 
Figure 7.8 (A) Figure 7.8 (B) Figure 7.8 (C) 
Environmental awareness 
Structural weakness 
System cost 
Service quality 
0 Lead time teduction 
0 Potential low inv*nlory 
Responsrveness to custonvi oideii 
Scalabolity 
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With the product types being the same for all the archetypes, the comparative results obtained on 
the customer-involved manufacturing archetypes arc grouped as shown in 1-Igures 7.9 (A) and 7.9 
(B). Here the values are again represented using a unit scale where the higher the value for a 
corresponding product in that archetype, the better is the suitability of product nialitifacturc In that 
archetype. Considering an example, let us study the archetypes' potential for "product 
customisation". Referring to figure 7.9 (A) (RM as a retailer and manufacturing at kittv corticr 
hubs) and 7.9 (B) (RM in housing colonies and home-bascd manufacturing archetype). it can bc 
seen that "product customisation" ability in figure T9 (B) is less than in figure 7.9 (A) 
Figure 7.9 (A) 
44 
1.00 
1.0 1.0 
Figure 7.9 (B) 
0.2 
1.00 0- 17 
Ability to withstand major demand changes Re-cordigurabillity f flexibifity 
Unique competence Product custory-dsmoon 
Physical customer involved customisation Build volume 
Figures 7.10 (A) (RM as a retailer and manufacturing at kitty comer hubs) and figure 7 10 (11) 
(RM in housing colonies and home-based manufacturing archetype) represews cracrion priority 
levels for customer-involved manufacturing archetypes. Adopting the sanic cons(ruct (),, 
procedure, figures 7.10 (A) and 7.10 (B) are constructed. 
Figure 7.10 (A) 
AA 
Emironmenial avareness 
Structural weakness 
Systern cost 
Ser. ýice , Lialit 
Figure 7.10 (B) 
4166,2 
1.00 5 
4% 
Ltad time ivltj, !, m 
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Responsimness to customer cridef 
scalahlhtý 
I"be questionnaire was constructed to elicit opinions on RM in the supply chain ne respouses 
included: 
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1. "Focus of research methodology is identified to be appropriate R3. .. 
2. "RAI is identified to reduce lead time and the inventorv involved, while improving 
product customisation - R22 " 
3. "RAI would give benefits to the supply chain ýfqpphed suitablv. - RI 2- 
4. "Application of RM would reduce the documentation work involved in processing 
customer orders -- R20 " 
5. "RAf is seen as a potential applicationfi)r storage (? f traditional prmhicts- RT' 
Figure 7.11 Product customisation 
E Hub based manufa(lui i rig 
N Mobile man0actunng syslem 
0 RM in service industrv 
Following these views, some of the obtained data are discussed. Figure 7 11 tictýlljs tile 
respondents' views on the "product customisation" capability of the developed arclICIN-pcs Figure 
7.11 shows that the percentile value of 44.08 % for the Hub-bascd manufacturing archetyl)c 
identifies it to be a potential archetype for product customisation. However. the percclItIle of, 25 79 
% represents the RM in service industry archetype as having the lowest posslbihtý. of product 
customisation amongst the compared archetypes. 
With the research focusing on body-fitted custormsatlon, the data obtained through the 
questionnaire was gathered for each archetype's capability in manufacturing body-f-itted 
custormsed products. Hence, the archetype capability for "physical customer in custom isat loll" is 
. PCs I analysed. 
Figure 7.12 details the ability of archctv in "physical customer invok, ed 
customisation" for manufacturer-involved manufacturing archetypes. Ilie percentage value of 
73.31 % describes the highest potential of body fitted custom product manufacturing ability by die 
Hub-based manufacturing archetype. The value of 4.48 % describes the lowest possibility for MIN- 
fitted customisation by the RM in service industry archetype. 
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Figure 7.12 Physical customer-involved custornisation 
E Hub based manufacturing 
N Mobile manufacturing system 
E RM in service industry 
Following the discussion of "product customisation" within manufacturer-involved manu fact u ri ng 
archetypes, the focus now moves to customer-involved product manufacturing archetypes. Figure 
7.13 details the "product customisation" ability. With the diffictiltý- involved in customers 
customising their own products as compared to product customisation by the manufacturer for a 
customer, the archetype of RM in housing colonies and home-bascd manufacturing has a lowcr 
value of 16.67% as compared to the alternative archetype. Ilic data obtained impiv timt. in spite of 
RM's capability in product customisation, the degree or level of custormsation provided bý- RM 
varies according to the manufacturing / supply chain structure involved. 
Figure 7.13 Customisation 
N RM as a retailer & Mfg at kittV corner huU5 
0 RM in housing colonies & home based rrig 
7.5. Application and recommendation for change of RM 
This section discusses the applications of RM identified by current research and the necessary 
recommendations required by RM to enable it to perform as an efficient and effective 
manufacturing process. In a broader perspective, discussion is on the areas of manuf*acturing. the 
supply chain and e-com along with the case study. 
7.5.1. From the manufacturing perspective: 
Working through the application of archetypes to analyse RM, it is identified that RM can tx. used 
for manufacturing by such methods as mobile and de-centraliscd manufficturing. As seen through 
the applicability of the various archetypes, RM is used as a dc-centraliscd manufacturing svstcm, 
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Working through Section 5.7, the suitability of RM for the housing colonies and homc-bascd 
manufacturing application archetype is identified (Lewis and Gross, 2007). TIIcsC projcctcd RM 
applications in manufacturing are widely accepted to be possible by dic respondents to tile 
questionnaire (Appendix A and B). Therefore, identifying the possible manufacturing applications, 
the need is for improvements in RM's technical abilities along with the manuracturing methods, 
feasible build volumes and compact-sizcd machinery. Because of RM's ability to manufacture for 
both industrial and domestic applications, RM machines with different machine build volume 
capacities are required. 
The literature review shows that manufacturing custom products by using convotional 
manufacturing will increase the manufacturing cost because of the escalating complexity and tile 
cost involved in changing the process, product layout and the supply chain. I lowcvcr, tile 
archetypes and the case study application show that by utilising RM. it is possible to rcducc the 
cost by changing the layout. By adopting RM, the cffcctivcncss could be increased siniply by die 
appropriate structuring of the supply chain operations. 
The case study identified that RM can be used for die manufacture of products that are uscd in, or 
closely associated with, sensitive areas of the human body. A lack of matcrial availability, cost and 
design possibilities arc noted. It is also identified that not all matcrials can be used for mcdical 
purposes, so the materials to be used require the approval of various mcdical organisations bcforc 
application (MI and M3). Manufacturers arc suspicious about materials tcstcd in 010 UK by NICE 
(National Institute of Clinical Excellence). Ibcrcforc, it is important that die matcrials usod in the 
medical applications of RM and their mechanical properties should be officially approvcd by 
medical organisations. 
RM uses CAD data to manufacture products. In the same context, the complementary processes 
and technologies, like CAD solid modelling, are likely to fuel die gro%%Ih of RM. which revcals 
that RM and CAD are closely related. Working through product manufactured by RM idctitificd 
that the growth progress of CAD rcflccts that of RM. As a result, die future product modelling 
perspective of CAD was examined. This focus on the future application of RM ncccssitatcd a 
concentration on the future predicted requirements of CAD, e. g. Bcizcr, NURBS, super-symnictry 
products and complex shapes obtained through hand and voice inputs (Chcng et at, 1998), 
Therefore, the adoption of CAD by RM must be sufficictitly technically viable to incorporate the 
above-mentioned future developments in CAD modelling. 
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Ile developed archetypes and the case study product identify that the customer (amputee in the 
case study) usually provides the functional specifications for the product, but does not have the 
knowledge to provide a complete design for his custom product requirement. 711is is explained 
with an example of the socket component. The amputee knows how he wants to use the prosthesis, 
the constraints on use etc, but does not know about factors such as suitable materials or the optimal 
shape. This knowledge resides with the manufacturer. If the knowledge is made available to the 
amputee, then he or she can make his or her own decision about the optimum solution for the 
custom socket component. This will speed up the process of the customer application of RM by 
giving the customer more control over the process. Ilercforc, the demand is for measures to 
educate the customer and a viable knowledge-managemcnt database to store data about similar 
product designs. This will facilitate the customer's involvement in the design and manufacture of 
products using an RM application. 
As no technology can stand-alone in a dynamic market; a means of integration is required. In this 
context, archetypes adopted for the effective functioning of RM technologies are integrated 
together. This can be seen in archetypes where RM is integrated with information systems and 
databases whilst there is also information integration among the players in the supply chain ctc. 
During integration, the entire operation of the archetype is focused at the macro level and 
archetypes are constructed. Specifically, the same archetypes adopted for die case study idcntificd 
the necessity of integration with other technologies at the micro level. One such example is where 
archetypes are applied for the manufacture of the case study product and identify the need for 
product input data, i. e. a suitable scanning system to acquire custom product data. Ilcrcforc, 
archetypes identify the need for further micro-levcI technological integration for the cffcctive 
functioning of the entire system. In context, the need is for integration at the micro level to sustain 
RM as a suitable manufacturing system. Following the discussion on the RM application idcntificd 
by the research and the recommendations from the manufacturing perspective, the next section 
discusses the supply chain perspective. 
7.5.2. The supply chain perspective: 
Respondents in the current research work have identified that awareness of RM is not widespread. 
Not many respondents were aware of RM's manufacturing capabilities and its cmcrgcncc from 
RP. Knowing about RM, respondents viewed its suitability for their application. A means of 
creating awareness about the existence of RM is required which will increase its number of uscrs. 
The literature indicates that the current awareness of RM is greater at the academic level (Wbolcrs, 
2007) and therefore focus on the application level is required for it to become better known. 
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The application of RM for the manufacture of custom products is likely to increase product 
variety. Section 5.13.2.1 shows that product customisation increases product variety, because the 
use of RM is to improve product customisation and to provide for unique custom-product needs is 
likely to increase product variety. There fore RM would create more custom products aftcr a 
certain amount of time. As custom products do not have any resale value, some measure to rc-usc 
or re-cycle the custom products that are manufactured by RM is required. One such possibility 
arises from the home-based manufacturing archetypc. Thc rc-usc or rccycling of the early 
manufactured products will enable the manufacturer to achieve fiirthcr cost savings since the nccd 
for new raw materials can be lessened. 
Seen through case study, the identified product is a socket component. The customiscd sockct 
component and other standard components are assembled to form a complete rchabilitation unit. 
Adopting the Hub-based manufacturing archetype as the most suitable for the case study, it is 
identified that, although this archetype provides the manufacturer with a possibility to assemble 
products, RM along with archetype application greatly lacks visibility in arranging the necessary 
standard components. Iberefore, a measure to link the manufactured custom component with othcr 
standard components to form a complete product is required. Tbus, while RM is focusing on 
custom product manufitcture, it is necessary to identify the possibilities to group other standard 
components to form a complete product. This issue of combining standard components with 
custom components is widely discussed as a challenge for the supply chain, thcrcforc, some 
measures to overcome problems with product assembly are required when adopting RM. 
Working on identifying the potential of the application of RM, a possible limitation has been 
identified. Namely, though RM has the potential to manufacture custom products, it must be 
realised that customisation does not exist for the sake of customisation. Instead, customisation is a 
tool to increase customer satisfaction. This implies that customisation is required to have many 
forms. As seen through archetypes, the various forms of customisation adopted arc: custom 
distribution, service-oriented customisation, custom design and customer manufacturing abilities. 
In this context, it is realised that RK along with its custom product manufacturing abilities, should 
support other needs of product customisation and seek for various alternative ways of 
customisation. This focus on a similar context was highlighted by a respondent, who noted that 
"RM should concentrate on providing the service needs rather than anything else" (U). 
As seen in Section 7.1.3, the application of RM influences the supply chain by reducing the 
logistics activity by involving product dcmaterialisation. Though the integral application of RM 
and IT systems has been found promising, the identification of suitable applications of information 
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systems to enhance custom product distribution methods is required. Seen through earlier Section, 
customer requirements will increase with increases in technology. Through the developed 
archetypes, it is identified that, for the improvements in RM technology, customers can find new 
ways of ordering and manufacturing their custom products according to their requirements. For 
product ordering seen through archetypes, a combination of RM and c-com provides various 
strategies, namely, online catalogues, collaboration with various manufacturcrs and integration 
among members of the supply chain and manufacturing system. This application of RM along 
with e-com is realiscd to provide improvements in B2B and B2C and in manufacturing, Internet 
opens new doors. The archetypes demonstrate that the customer can customisc his own custom 
product and obtain his product requirements. As the Internet has enormous potential, information 
systems become capable of handling a greater variety of data. it can be seen through the 
archetypes approach that product information propagates through various levels in the supply 
chain, thereby integrating the various players involved. 7"his entire spectrum of RM applications 
along with e-com is realised to provide a change from conventional manufacturing systems. 
Although various possible applications arc rcaliscd through c-com and RM application, suitable 
information platforms for integrating information with RM are required. Identifying the necessity 
of information was highlighted by a respondent to the questionnaire as follows: "If RAJ is 
continuous through the supply chain, it should provide better Information to every supplier / 
customer to plan theirproducts and ultimately their delivery. I think it's going to be a difficult task 
to get RM to be continuous throughout any supply chain, although not Impossible- RI 4. " 
The application of archetypes shows that Internet-aided databases are required for the application 
of RM. These databases are to hold a digital inventory of the custom products, which can bc 
accessed as required. Further, these databases arc to hold digital data on components, where a 
customer can obtain the product data and manufacture his own custom product. This functionality, 
aided by RM, is identified to reduce the cost of carrying the inventory involved in products as seen 
earlier. But alternatively, this focus would demand huge databases to store digital product data. On 
the other hand, discussing manufacturer-involvcd custom product manufacturing archctypcs 
identifies that the case of custom product manufacturing and distribution with short planning times 
requires decision-analysis models. Le, as seen through the case study concerning the functionality 
of archetypes, RM involves the manufacture of unique product (here the socket) and its 
distribution to different locations (here to different amputees). For these situations, the complexity 
will arise from geographical distribution and manufacturing a unique product with short planning 
cycles. Therefore, RM application would require short-term decision-making processes. i. e. a 
decision system that starts from the matching of product data (here the socket component) with die 
custom product specifications (here the amputee) until the final product is distributed to thc 
183 
Chapter 7 
customer (here the amputee). Ilese short-term decisions can be as decisive for business 
performance as a long-term decision. The development of such a combined decision-analysis 
system can be very complex, and should be supported by suitable management tools. Finally, from 
the above knowledge, a decision tool for analysing RM's manufacturing capability with rcspcct to 
collaborative technological requirements is required. The above combinations of decision analysis 
will ease product manufacturing and the distribution capabilities of RM. 
77he case study shows that the application of RM would be cffcctive and will serve several needs 
in the custom manufacture of socket components. Tbcrc is evidence that there are scvcral 
unexplored areas where RM might be of benefit. Tbcrcforc, it is required to analysc and identify 
the potential areas to which RM will be applicable rather than focusing on RM in gcncral. It has 
been identified through the case study that, despite the advancements, the quest for cffcctive 
functioning of RM depends upon the organisational structure, the acccptancc of RM manufacture 
by governments and other organisations and the management's implementation of RM. Along 
with a change in RM's manufacturing practice, change in management systems and the 
manufacturing approach for design and production engineering of the custom products is also 
rcquired. 
7.5.3. The e-commerce perspective: 
Application of IT in manufacturing will become a major necessity in the future and will bring 
considerable advantages. In the above context, RM was integrated with the future requirement of 
c-com applications as seen through our archetypes. Adopting information integration with RM, it 
is identified through the functionality of archetypes that IT is essential for the cffectivc functioning 
of RM, because the application of RM with the Internet provides a new dimension to c-commcrcc. 
For the requirements of web catalogues, wcb-cnablcd customer interaction and Internet databases, 
RM will demand more of cyber space and will catch the idea of cybcr manufacture. Ultimately, 
RM will replace some manufiiduring sites and product stores. Explained in dctail, as seen through 
the archetypes, the customer orders, designs and obtains his product via the Internet. 
One possible integration system is Electronic Data Interchange (EDI), which is used to transmit 
infonnation such as purchase orders, invoices, material releases, shipping noticcs and product 
inquiries electronically. Combined with RM; this would enable the transfer of product data and the 
digitisation of products, thereby enabling RM to conduct business in the global market. On othcr 
hand, by adopting EDI, RM would demand combinations of wcb-bascd technologies namely, wcb 
interfaces to link customers and manufacturers along with Intcmet-cnabled supply chain 
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integration tools and e-hubs which fitcilitatc the buying and selling processes along with the 
exchange of information on transportation, logistics and selling facilities. Further, from the 
custornisation perspective, every custom or unique product involves a large amount of information 
for manufacturing specific products. Ibcrcforc, a suitable information systcm to meet the 
demanding needs of customer product infonnation is required. 
All these Internet-involved activities demand more of cyber space and demand an increase in 
Internet facilities. Alternatively, the combination of RM and the use of die Internet will also 
require more web sites to connect the manufacturer with the customer followed by the 
requirements for a sales portal, which connects one customer with many manufacturers, and a 
procurement portal, which connects many customers with one manufacturer, Concentrating on the 
above from the manufacturing perspective as seen through the functionality of manufacturer. 
involved manufacturing archetypes, an effective information system linking the various players 
involved in effective product custornisation is required. On other hand, there is a need for 
information integration and linkage in order to accommodate last minute changes by customers to 
a customised product. Ilic functionality of the projected structures involved in die 'RM as a 
manufacturing machine' archetypes support this information integration. 11is is seen as being 
particularly valuable for RM's toolless product manufacturing ability. 
Discussing the research conteA it seems clear that the wcll-intcgratcd application of RM, IT and 
the supply chain as seen through archetypes can reduce unccrtainty and improve pcrformancc and 
therefore a significant amount of attention should be paid to administrative dccision ruics, flow 
patterns and task design. The micro-flow-structurc of IT systcms is eliminated in this rcscarch, 
only the macro information flows are shown through the archctypcs approach. This is bccausc 
empirical research shows that hundreds of different information flows can be idcntificd in a singic 
organisation. Therefore, identifying and working on all possible information flows was beyond the 
scope of this research. 
7.6. Developmental path of RM 
As noted at the start of this research, RM is in a developmental phase. 71is section examines RM's 
current and projected growth from the industrial, academic, market size, materials and supply 
chain perspectives. The number of visionaries involved in the arcna of RM is increasing 
considerably. Several academic institutions and manufacturing industries arc supporting the 
development of RM with some institutions and organisations pushing forward the boundaries of 
RM in several unexplored areas. Also, there is evidence of the early form of RM, namcly RP, 
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being used in the manufacture of direct end use products. For example, SAP, a company based in 
Norway, produces 70 percent of the parts for end use using existing RP technology. leading to a 
true form of RM. Institutions have begun initiatives for the development of RM. 11u: European 
Union had set up a program for the development of RM, NEXTRAMA (Network of Excellence in 
Rapid Manufacturing). This has been followed in Germany by the Fraunhofer laboratories at the 
University of Freiburg and in Sweden by ARCAM, fcubic and speed part. In the 1)nitcd Kingdom, 
Loughborough University, De Montfort University and the University of Nottingham. along with 
several academic institutions across the globe have active programs in RM (Wholers, 2007), 
Industry analyst, Wholers detailed the growth progress of RM. Pictorially in figure 7.14. the X- 
axis represents the years, while the Y-axis represents the percentage of users. In the years 
following 2003, it can be seen that the number of users is increasing. Tbis is evidence that RM is 
growing progressively (Hopkinson, 2006). 
Figure 7.14 Growth progress of RM 
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Along with the growth of RM, its market size is also increasing. Figure 7.15 is a pictorial 
representation of year (X axis) and market size indicator (Y axis). Ile market size of RM 111 2003 
is given as 20 units while it had grown with an addition of 70 units in 2006. Thus, RM is rapidly 
expanding its product range from automobile to household products (Razcr and Park. 2007), 
Focusing on materials and machinery development, there arc several pieces of evidence that the 
variety of materials for RM is growing continuously and will soon include the direct imuitil'acitire 
of products using metals (Razer and Park, 2007). Research work is in progress in industry and 
academic institutions into the materials and manufacturing techniques required for RM to produce 
direct end-usc products. 'Mis can be explained with examples in manufacturing and materials 
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respectively. In manufacturing, a metal printing process by SINTEF, Norway, aims at dcvcloping 
a high speed manufacturing machine that produces three dimensional layers from powdered 
material (Heller, 2006). On other hand, from the materials perspective, 3mat, a German firm, is 
involved in the manufacture of materials suitable for the medical application of RM (Caeser, 
2007). T'hus, there are several organisations involved in the development of RM machines and the 
materials suitable for the manufacture of product using RM are also becoming incrcaslnglý 
available. 
Figure 7.15 Market size of RM (Figure adopted from (Hopkinson, 2006)) 
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Sections 7.4.3, described how the combination of RM and Internet applications will open doors for 
newer business processes. As an example, a firm launched in April 2006 provides custoill ligliting 
designs utilising RM. I'lie customer can interact with the manufacturer to obtain a unique light 
digital product design or the customer can provide his specific requirements 1'ur the light design 
'Me product is then manufactured according to the customer's specification and given to the 
customer (Dean, 2007). In addition, service bureaux have emerged to provide the de%ign 
requirements for RM. From the above, it can be seen that RM is becoming integrated with IT. 
There are now industries (example: approto) which aid the customer in obtaining technical support 
for the product to be built using RP and online part-buying. 
Users' imagination in using RM is also widening and several innovative ideas for the adoption of 
RM are emerging. Aston (2005) had foreseen that one such future application will be a desktop 
R, M machine, fabricating the product according to bespoke requirements. Several measures are in 
progress for identifying the application of RM from the management perspective. Walter el al. 
(2004) viewed RM from the supply chain perspective and discussed its applicability for the airline 
industry. RM is also seen as a suitable manufacturing machine for service industries, particularly 
for reducing the high cost involved in certain product types. Adopting RM enables products 
involving high cost items to be manufactured, thereby reducing the inventory involved with the 
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products. Dekker et aL (2003), identifying the potential of RM in supply chains, outlined dic 
possibility of changing manufacturing organisation utilising RM. Following this. sevcral research 
projects are in progress for identifying the changes in supply chains adopting RM. On tile Samc 
theme, some research work is in progress in RMRG (Rapid Manufacturing Rcscarch Group) at 
I, oughborough University, including the current research. 
7.7. A summary of this study's research contribution 
The nature of the contribution is best explained in relationship to the mctliodology of cxploring 
and identifying the future of RM in supply chains and the dcvclopmcnt of novcl dccision-analysis 
tool kit. Seen through chapters 3,5 and 6, exploration and future of RM in supply chains %as bcst 
explored with the application of scenarios methodology and suitably dcvclopcd supply chain 
archetypes. Different archetypes arc developed incorporating RM and information technology 
systems, finally arriving at five major types of archetypes for application of RM in supply chains. 
Working towards identifying a suitable archetype for a specific product, idcntiricd the nccd to have 
a definitive set of variables and specified the quantifiable rclationship, bctwccn product 
characteristics, criteria involved and the functionality of the supply chain structure, 
The case study application proved the following namcly; application and uscfuincss of tile 
developed novel decision analysis system (SSC), applicability of tho dcvclopcd supply chain 
archetypes by proving the suitability of RM in supply chain, validity of the dcvclopcd product 
classification for RM and criterion suitability of application in conjunction with RM. Finally. 
proving RM can achieve rapid customisation by improving the dcgrcc of customisation, rcducc 
inventory and lead time on products, provided with an appropriatcly conrigurcd supply chain is 
adopted. A detailed summary of the research conductcd at cach stcp and the rcsultant contribution 
to knowledge is as follows: 
1. Developed five supply chain archetypes that would facilitate in the application of RM 
technologics. 
2. Defined a set of variables comprising of products, criteria and supply chain cimracteristics 
that can be uscd to configurc appropriatc supply chain archctypcs involving RM. 
3. Specified the quantifiable relationships between products, criteria and supply chain 
arclictypes. 
4. Identified the usefulness of RM technology in body fittcd custornisation. 
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5. Identified RM technologies as a means of achieving rapid customisation, inventory and 
lead time reduction can only be exploited through appropriately conrigurcd supply chains. 
6. Developed a novel decision analysis systern, system selection cube (SSC) for selection of 
a suitable archetype. 
7.8. Summary 
This chapter explains the entire context of the application and findings of this research along with 
the current developmental path undergone by RM. As the research has been undertak-cn with a 
specific purpose, the insights obtained through this research work are discussed. Working on dic 
case study product identified an alternative application of RM, namcly; for the non-contact 
manufacture of custom products and highlighted the possibility of there being scvcMl uncxplorcd 
areas where RM might be applicable. The integrated approach using RM and IT systems is 
explained. This approach is identified to reduce the cycle time and inventory involved in the 
system. Along with the possible advantages of RM demonstrated in this research work, ccrtain 
limitations of RM were also identified. With scenarios used as an ideal method in this research, the 
scenarios approach and its benefits in the current research context arc discussed along with Ole 
insights obtained from respondents regarding RM and its application in the supply chain. 111is is 
followed by detailing the influence of the case study in substantiating the respondents' views on 
RM. 
The link between the literature reviewed in this research and the research undcrtak-cn is discusscd 
in detail. Discussion is on the parameters on which current work agrees and contradicts the 
literature. Following the discussion on the relevance of the literature studied to the research, a 
detailed discussion is undertaken on each of the early research objectives and how the research 
objectives are met in the context to the research undertaken. Explanation is on the scenarios 
methodology adopted in this research work. Although archetype generation is not spcciric to any 
particular procedure, when adopted in different industries and in different product sectors. 
different results are obtained. Following the body of knowledge on archctypcs, a detailed analysis 
was on identifying a suitable archetype involving RM. This is in order to find the impact of RM in 
supply chains because knowledge about RM's potential in the supply chain will help 
manufacturers to become a market success. Alternatively, identifying the limitations of RM will 
enable it to overcome its limitations and serve as a future potential manufacturing machine. As the 
need is to identify the applicability of the developed archetypes in the manufacture of a product 
and to validate the developed decision analysis system, a case study approach has been used. 
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Working towards the validation of the results obtained by the SSC and AIIP mcthods, and the 
identification of any deviations, the possible reasons for the deviations idcntiricd arc discussed. 
Following the discussion on the validation of the decision analysis systems, the nature of RM's 
potential 'in the context of the research parameters for the case study product is explained. 
Identifying the potential of RM in supply chains through archetype analysis, suggestions for its 
possible application and recommendations for any changes required in RM arc discussed. 71is is 
followed by a discussion on the developmental path of RM. 
In-order to highlight the work undertaken, the contribution of this research is detailcd. Ilic novel 
procedure undertaken in understanding the research work, the supply chain archetypes, parameters 
involved, potential of RM and the developed decision analysis tool kit is given. As seen through 
this chapter, the analysis and discussion concludes by detailing the results with respect to the aims 
and objectives of the research. From the above, it is pertinent that current research obtained a 
valuable outcome concerning RM's manufacturing capability and its applications in the supply 
chain. Identifying the benefits, this research provides a new set of details, which, if implemented, 
would confirm RM as a future potential manufacturing n2achino, although with certain limitations. 
Following the above body of knowledge, the next chapter discusscs the limitations of Mis rcscarch 
and identifies the potential for future work resulting from this research. 
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Chapter 8. Conclusions, Limitations and Future Research 
8.0. Conclusion 
Rapid manufacturing is an emerging manufacturing system with a wide potential for 
manufactunng applications. In this thesis, an attempt is made to study this potential. The research 
has focused upon the integration potential of RM and modern IT; along with an attempt to identify 
the possible improvements and shortfalls that RM will provide in the supply chain as well as flic 
relevant changes that are required to sustain RM as a future potential manufacturing system. This 
thesis has attempted to answer the research questions, work through the objectives of the research 
and provide guidance in enabling RM to be used as a manufacturing system. Mile intcrprcting the 
implications of the current findings, the limitations of this study have also been idcntirjcd. 
8.1. Summary of the links between literature, objectives and methodology 
This section briefly summarises the links between the literature, the objectives of this research and 
the methodology adopted. This is along with a discussion detailing whether the objectives have 
been met and accepted and whether they have added knowledge to the literature. 
The research objective was the identification of potential areas in the supply chain that 
would benefit from the application of RM. Three parameters forming the focus of the 
research, namely; customisation improvements, lead-timc and inventory reduction, 
were identified. These parameters have been investigated in-depth and show that RM 
does provide benefits. However, there are certain limitations and some changes are 
required. Thereby, within the selected parameters, gaps in the literature concerning 
RM and the supply chain have been filled. 
Ibc research objective of projecting the future of RM technology has been met by 
agreeing and utilising the literature of technological forcc: asting (scenarios) 
methodology. 
Adopting scenarios methodology, the objective of the development of suitable supply 
chain archetypes adopting RM to study the impact of RM in the supply chain is 
achieved. Thereby it adds to the body of literature by identifying possible supply 
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chain archetypes with integrated c-busincss applications for RM. This was achieved 
by highlighting the possible applications of RM in product manufacture. 
With the research objective being to identify and apply suitable methods to overcome 
unccrtaintics involved in the prediction of the future of RM, the usc of fuzzy numbers 
allowed the literature claims of fuzziness / uncertainty when linguistic values wcrc 
used in the predictions to be addressed. 
a As the research objective was to test and develop a dccision-analysis systcm. Since a 
suitable decision-analysis system was unavailable, a form-bascd, systcm-sclcction 
method was developed and tested (Chapters 5 and 6), thereby adding to the litcraturc 
on archetype-based, decision-analysis systems. 
As seen in Chapter 2, the literature review provided insights into the rcscarch on dic 
applicability of RM in the supply chain. Chapter 5 dcWlcd the possible changes in 
supply chain archetypes with the application of RM, product grouping and criterion 
needs. By working through the developed structures, the dcgrcc of product 
custornisation, possible lead-timc and inventory capabilities were identified, along 
with the need for RM to become part of the supply chain as a potential manufacturing 
machine. This satisfies the first and final research objectives of investigating RM in 
the supply chain and describing the possible benefits and necessary changes for RM. 
This also adds to the body of knowledge and literature on exploring the possibic 
applications and requirements for RM in the supply chain and c-busincss. 
8.2. Summary of the contributions to the literature and knowledge 
With the existence of a literature gap in defining the areas where RM vill providc bcncf its in flic 
supply chain and the degree of customisation that RM can offer in the value chain, T'his study 
addresses the important elements missing from the literature related to RM by contributing the 
following findings: 
a. Some of the areas where RM will benefit the supply chain are dcfincd. 
b. Different approaches by which RM, the supply chain and IT can serve the customers' 
needs are explored and highlighted as different supply chain arclictypcs. 
c. The possible "in-depth" degree of customisation or body fitted customisation that RM 
can undergo is identified. 
d. The potential of RM for reducing inventory and Icad-time on products is detailed. 
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c. A classification scheme to group the products and critcria, that are suitable for the 
application of RM in the supply chain is developed. 
fA novel decision-analysis system (SSC) to identify suitable supply clWn archetypes 
for manufacturing a product through RM is provided and empirically validated. 
g. Finally, the logic, scope and patterns of IT and RM arc conccptualiscd. 
Following the summary of the research context, the next section discusses the strengths of this 
research. 
8.3. Research strengths 
One of the major strengths of this research is its applicability to practitioners, both acadcmic and 
industrial. For academics, this research provides a methodology for analysing the future projected 
manufacturing machine and to study fiirther RM applications. T'his research provides a mcasure to 
study/identify the impact of the application of RM on the supply chain along with the possible 
potential areas of application in product manufacture for industrialists. This was made cvidcnt 
through the case study undertaken in Chapter 6. 
A major strength of the thesis is the large quantity, and more importantly the high quality, of the 
data collected on RM through the questionnaire. The author was in a very fortunate position in 
collecting data by involving people from various sectors and obtaining a broad ovcrvicw of thc 
application of RM in the supply chain. The data collected from aItcrnativc sources and used in 
Chapters 5 to 7 provide a clear and robust study of RM. 
Other strengths of the thesis include the use of simple, transparent and robust mcthods of 
mathematical application thus avoiding many of the constraints due to assumptions ofIcn present 
when modelling uncertain situations. In particular, many of the strengths of this research work arc 
explained in the nature of its contributions and therefore do not nccd to be repeated. Following this 
description of the research strengths, the next section discusses the limitations of this rcscarch and 
the possible directions for future investigation. 
8.4. Limitations and future direction 
This research was performed with the intent of exploring the possible advantages of RM in supply 
chains. This includes three separate research cfforts: 1. a theoretical study, 2. an empirical study by 
means of a questionnaire and decision analysis and 3. a case study. Admittedly, the cmpirical 
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study only tested a small part of the theoretical results in Chapters 5 and 6. For example, RM 
implications in the supply chain are highly conceptual and the number of empirical validations in 
this thesis is not large. However, this might be justified by the time and cost constraints of a PhD 
project. The main contributions of this thesis arc summariscd. It is idcntificd through research 
work that to maximise the use of RM within supply chains, there arc certain actions which users 
should consider. Users of RM are recommended to take n=y of the findings of the study related 
to RM, the integration with other technologies, Internet application, product selection ctc, into 
account. However, current findings must be considered in the light of some weakness of the study, 
which, like any other research, has its limitations. Also, the findings in this thesis could be 
extended by further research. Following from the limitations in RM perspective, sonic of tile 
limitations in research methodology and recommendations for future work are described in this 
section. 
1. Research parameters. The limitations and constraints inhcrcnt in a Phl) have naffowcd dic 
scope of the present study in exploring supply chains to the considcration of thrcc paramctcrs: 
customisation, lead-time and inventory reductions. As a first step, the dimcnsions of RM and tlicir 
impact can be examined in other areas of the supply chain in a grcatcr dcpth by cxtcnding Ole 
sample to a larger number of firms / products to gain a richer undcrstanding of the plicilonicnon. 
Meanwhile, the sody of customisation is in terms of product manufacturing, it ncglccts to include 
the use of service as a customisation technique. In this context, manufacturcrs arc incrcasingly 
looking to expand their product/customisation offerings through the addition of scrvicc. Future 
research may explore other customisation offerings and customisation scrviccs utilising RM. 
2. Scenatios. As dcmonstrated in subscctions 3.3.2,3.3.3 and 3.3.4, flic rcscarch constmints 
require that scenarios are enclosed within the research boundaries and only include focused 
research contents. Future research can extend the boundaries by increasing the parameters 
neglected or omitted in this research. Furthermore, the research focus did not include die different 
possible RM systems hence the number of scenarios in this work is limited. Concentration on 
various scenarios might improve the results and identify the possible ways in which MI can offer 
products and services. Alternatively, scenarios especially aim at predetermines and uncertainties. 
Predetermines are based on the assumption that the alternative futures and their probabilities arc 
known. In the case of uncertainties, the outcomes are known but not their probabilities. In context, 
the application of scenarios involves uncertainty and ignorance. 
3. Survey sample. Sampling procedures also limit this study's contribution. I"his study relied on 
purposive sampling, therefore findings cannot be gencraliscd to a large population. All population 
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members were management consultants, supply chain professionals, academics, researchers and 
RM professionals. However, members of each group did not have an equal probability of being 
selected as study participants. Participants were selected expressly for the purpose of elaborating 
the research theme. The sample obtained consisted of a few carefully chosen people with wide and 
specific knowledge in areas related to this study. The greatest strength of this study also 
contributes to its greatest limitation, (i. e. ), Its qualitative / quantitative apl)roach. Ilse of 
IIIII ipants questionnaires, interviews and sampling. 'Mis study rclies primarily on data from 23 partic' 
and demonstrates how conceptually rich interpretations yielding theoretical relationships can be 
obtained through such methods. On the other hand, it is limited in its validation of the developed 
scenarios, a situation which must be addressed in future research work 
4. Decision analysis. As mentioned previously, this research deals with high-level decision- 
making. Although guidelines arc provided for the selection of scenarios, sections 7.1 and 72 
indicate that the developed decision tools cannot deal with the di iculties involved n everyday ff i 
manufacturing. One of the future areas for research would be to break down this dccision-analysis 
model (the micro-structure approach) and introduce it into the various levels of the supply chain. 
Figure 8.1 Future decision-analysis model 
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From the current research focus, it is clear that a dccision-analysis model can be developed 
involving all the potential parameters related to custom product manufacture M the future. One 
such idea for a future decision model is shown in figure 8.1.11c: left hand side of the model refers 
to issues involved in customisation and dependence of issues, while the opposite side domIs the 
capabilities of RM within the arenas involved. 
5. Technical feasibility analysis. Through this research work and the questionnaire response 
indicate that there are many issues that need to be addressed systematically if a complete RM is to 
be created and cffectively used to identify the impact of RM. Some of these issues are flegiccted or 
not considered because of time constraints and are outside the scope of this research. On (lie same 
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grounds, a technical feasibility analysis is required along with an examination of the practical and 
technical limitations like maximum construction volume, material properties, volume suitable for 
manufacture, cost benefit analysis etc. From the machinery and management perspectives, answcrs 
to the following questions are required: 
" Which system to buy? 
" How to make the case for the purchase of the system? 
" How to obtain maximum profit? 
What would be the investment requirements and capabilities of this new machinery? 
Where could this machinery be used? 
6. Guidelinesfor exploration. There has been a shift in the emphasis in studying the best practicc 
of RM, which indicates the need for decision-analysis models for product selection, distribution, 
etc. However, there is still very little detailed analysis of RM's impact on supply chains. Further 
research should address issues like the dccision-analysis model, the criteria for analysis, product 
suitability and the exploration of custom manufactured products. From the cvidcnce prcscntcd, 
guidelines for future research can be put forward they are; 
a). Best practice is domain-specific, i. e. investigations must be within the domain from 
which they arc obtained. For example, considering the focus of identifying thc 
potential of RM on the shop floor, the domain has to be derived from the shop floor 
and the possibilities of supporting domains that arc in place on dic shop floor should 
be taken into account. 
b). Best practices on the exploration of RM should be evaluated based on their potential to 
improve the overall performance of supply chains, rather than the improvement of one 
particular area. Practices may have an impact on other related areas of performance. 
Exploration must therefore be analysed by a more holistic approach that considers the 
influence on other areas of performance rather than just the desired area to be 
improved. Future research should identify the suitable practices that will improve 
overall performance along with analysing any detrimental cffccts on other areas of 
supply chain performance. 
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Appendices 
Appendix A: 
1. Cover letter (with the original email questionnaire) 
Dear Sir / Madam 
A Future potential manufacturing system 
I am Rajesh Ranganathan a research student studying for a PhD in the Wolfson school of Mcch & 
Mfg Engineering, Loughborough University, England. My research is aimed at exploring supply 
chain logistics incorporating Rapid Manufacturing (RM) and c- business technologies. laf is an 
emerging manufacturing technique, capable of manufacturing any complex profiles with an 
additive manufacturing process. We have conducted a sccnafio-bascd investigation of different 
systems incorporating e- business and RM. A sccnario for me is a future predicted model of an 
RM / e- business based manufacturing and distribution system. 
I would be grateful, if you would consider the attached material and answcr the qucstions. 
Further, I would like to emphasize, only a small proportion of people have been selected to 
participate. So your experience and thoughts on this subject are very important to me, Ilic results 
of this study will document the essential changes for RM to cnable it to cmcrge as a potential 
manufacturing system. 
Most of the questions only require sliding the ruler and mark the answers and this should not take 
more than a few minutes. Your responses arc confidential. No names or individual information 
will be used or released. If you have any questions or concerns, please call Rajcsh Ranganathan, 
Loughborough university, +44 (0) 1509 227519.1 look forward to hearing from you soon and we 
take this opportunity to thank you for your co-operation and assistance in this research. 
Yours sinecrely, 
8. 
&- 
Rajesh Ranganathan 
Manufacturing organisation / Rapid Manufacturing research group 
Wolfson School of Mechanical and Manufacturing engineering 
Loughborough University Leicestershire, LE I 13TU, UK 
Office: +44 (0) 1509 227519, Mobile: +44 (0) 7881955538 
R. Ranganadm@lboro. ac. uk 
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First and second round follow-up cover letters 
Dear Sir / Madam 
I appreciate you for your timely favor, deep insight into my future focused research and for your 
kind acceptance in responding to my questionnaire. Within the past few weeks a qucstionnairc was 
cmailed (posted) to you about "A future potential manufacturing system't It is very important 
that your answers be included in our research. 
This is an email to enquire, for any difficulties in responding to the questionnaire. If you find any 
difficulties in responding or accessing the questionnaire document, please let me know. I will 
make the necessary alternative arrangements to obtain your thoughts on the questionnaire. I will 
be thankful to you, if you could please revert me the questionnaire upon completion, as this will 
help me to progress to the next stage of my research analysis. 
If you have any questions or concerns, please call Rajcsh Ranganathan, Loughborough univcrsity, 
+44 (0) 1509 227519.1 would be grateful, if you would consider the attached material and answer 
the questions. Further, I would like to emphasize, only a small proportion of people have been 
selected to participate. So your experience and thoughts on this subject are very important for this 
research. 11c results of this study will document the essential changes for RM to enable it to 
emerge as a potential manufacturing system. 
I dmnk you once again for your Idnd cfforts, for your time in responding to my qucstionnairc and 
for your valid comments in my research work. 
Yours sincerely, 
g. 
9ý- 
Rajesh Ranganathan 
Manufacturing organisation / Rapid Manufacturing research group 
Wolfson School of Mechanical and Manufacturing engineering 
Loughborough University Leicestershire, LE I 13TU, UK 
Office: +44 (0) 1509 227519 
Mobile: +44 (0) 7881955538 
R. Ranganatlian@lboro. ac. uk 
Note : For your quick reference one more copy of questionnaire is attached to this cmail. Please 
find the enclosure. 
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Appendix B: Questionnaire 
Note : 
Emails are sent with the attachments titled "Questionnaire" and "Scenarios - uscd for answcring 
the questionnaire". 
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Questionnaire documents 
Please read "Instructions to be followed before solving the questionnaire" document 
before proceeding to the questions - Thanks 
Ouestionnaire 
1 Name of the respondent (optional) :I 
2 Please tick the appropriate box that best describes your employment category 
ý- Academics 
r- Manufacturing industry 
Supply Chain logistics 
ý- Other 
Q3 Please indicate the product type you are considering in this survey O'elect anvpr(xlijct (VIN, calwible cf) 
manufacture in RM, see scenario's sheet) : 
CAD based products, some of which is customized, and always built in low volume. OrigntialF, quipment 
Manufadurer of industtial equipment. 
Q 3-a Worked out example: Compare the relative preference with respect to "XXXXX" and slide the 
ruler appropriately on the scale 
These terms are 
defined in 
scenano's sheet c V cr v 
LU V) ui (A ui 
Hulý baEwd mJý 
NI ob ile M f; mys em 
Mi), bile Mfg System Ilub ba3ed Mfg 
Note: With regard to the product type, you are considering answer the following 
Q4 Compare the relative preference with respect to Reconfigurability Iflexibility" and slide the ruler 
appropriately on the scale 
* Te-conrimrabdkv / 
flexibdirv ý the ability 
for fast, active 
adaptation to erratic and 
unpredictable 
environment changes in 
product manufacture and 
distribution. 
Hub based mfg 
Mobile mfg system 4 
RM in service industry 
F1 
RMasoretailer 4 
Any commcnts you wish to add: 
c 
17 
ui ca 
a 
Mob i le Mfg system 
09 RM In service Industry 
Hub based mfg 
ýI RM in home based mfg 
222 
A 
Questionnaire documents 
5 Compare the relative preference with respect to Scalability" and slide the ruler appropriately on 
the scale 
7; C 
LU CR Ui 1A 
Hub based Mobile Mfg system 'ScalabUiti- 'Me ability 
of the existing structure Mobile mfg system RM In service Industry to incorporate additional 
resources for expansion RM in service industry Hub based mfg 
RM as a refailer RM in home based mfg 
Any comments you Wish to add: 
Q6 Compare the relative preference with respect to Responsiveness to customer ortler" and slide the 
ruler appropriately on the scale 
Hub based mfg 
Mobile mfg 3ystern 
RM in service industry 
RM as a retailer 
"Rtuinmviveness to citoonter 
Mobile mfg system order - the ability to reslx)nd 
quickly to custom rLquired RM In seivice indu*y pr(Aucts. 
Hub based mfg 
RM In hmne based mfg 
Any oýmments you wish to add: 
Q7 Compare the relative preference with respect to Customisation" and slide the ruler appropriately 
on the scale 
"Customisation - the ability to 
undergo various forms of 
product and process 
custornisation to suit the 
customer 
Hub based mfq 
Mobile mfg system 
RM in service industry 
RM as a reftaller 
Mob i le mfg sysUm 
RM In service industry 
Hub based mfg 
RM in home based mfg 
Any (Dmments you wish to add: 
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Questionnaire documents 
Q8 Do you consider RM (defined in cover letter) will improve product customisation 
Comments: -- 
r- Yes r- No 
Q9 Compare the relative preference with respect to service quality produced in this method and 
slide the ruler at)t)rot)riatelv on the scale 
cr 
Hub based mfg 
Mobile mfg system 
RM in service industry 
RM as a retailer 
E 
0. 
a- 
U 
Mobile mfg system 
RM In service Industy 
Hub based mfq 
RM in home based mfg 
* *-Vervice umahn- the ability to 
provide structured processing & 
post service Umt influmcc-i the 
degree of satislaction with a 
good or service for a customer. 
Any cc)mments you wish to add: 
Q 10 Compare the relative preference with respect to Potential low inventory and slide the ruler 
appropriately on the scale 
* *Potential low in - the 
Hub based rnIq 
ability to reduce stock of Mobile mfg syslern firushed goods without selling 
waiting for customer order. RM in service industry 
RM as a retailer 
Mobile Mfg system 
RM In service Industry 
Hub based Mfg 
RM In home based Mfg 
Any cDmments you VASh to add: 
Q 11 Do you consider RM will reduce product inventory Yes No 
comments: -- 
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Questionnaire documents 
Q 12 Compare the relative preference with respect to Lead-time reduction" and slide the ruler 
appropriately on the scale. 
Hub based mfg 
Mobile mfg systern 
RM In service indus" 
RM as a retailer 
"Lead time reductimi ability 
to shorten the time involwd in 
Mobile mfg systern manufacture and supply ol'a 
RM In service Industry product. 
Hub based mfg 
RM in home based mfg 
Any comments you Wish to add: 
13 Do you consider RM will reduce Lead time of a product r- Yes r- No 
Q 14 Compare the relative preference with respect to Unique competence" and slide the ruler 
appropriately on the scale 
"Unique comodencies - system 
requiring speciahst skifls to 
operate and run the system. 
Hub based mfg 
c" co 
c 0 cr c 
0 
LU CA uj IA LU 
Mobile mfg system 
RM In service Industry 
Hub based mfg 
RM In horne based mig 
Mobile mfg system 
RU in service industry 
RM as a nrbiler 
Any comments you Wish to add: 
Q 15 Compare the relative preference with respect to Ability to withstand major demand volume 
changes effectively and slide the ruler appropriately on the scale 
Hub based mfg 
Mobile ndq sysWn 
RM in service industry 
RM as a retailer 
Mobile mfg systern 
RM In service Industry 
Hub based mfg 
RM in horne based mig 
Any comments you Wish to add: 
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Q 16 Compare the relative preference with respect to structural weakness" and slide the ruler 
appropriately on the scale 
* *Sbudural wakness - weakness 
involved in locating the hub, 
manufacturing machine and in the 
functionality of the system. 
Hub based mfg 
Mobile mfg system 
RM in service industry 
RM as a retailer 
Mob I Is mfg systern 
RM In servIce industy 
Hub based mfg 
RM In home based mfg 
Any oDmments you wish to add: 
Q 17 Compare the relative preference with respect to Environmental awareness" and slide the ruler 
appropriately on the scale 
a0 
Hub based wIg 
Mobile nvfg system 
RM in service industry 
RM as a relailer 
** 
ability ofthe manullacturing and 
No b1 Is mfg wistern 
distribution systems to undergo 
l it,; f unctionality within the lunits 
RM In service Indufty ofenvironniental regulations 
Hub based mfg 
RM in home based mfg 
Any oc)mments you wish to add: 
Q 18 Compare the relative preference with respect to System cost and slide the ruler appropriately 
on scale 
**Soem - the cost induced 
in setting up and nummg the 
system. 
Hub based mfg 
Mobile nifg sysWn 
RM in service industry 
RM as a relmiler 
Mobile mfg system 
RM In service Industy 
Hub based mfg 
RM In home based mfg 
Any comments you wish to add: 
19 Do you consider RM could give potential benefits in supply chain r- Yes r- No 
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Questionnaire chwuments 
20 Describe your expectations from RM in the supply chain: 
Q 21 Do you think that the five above mentioned scenario based supply chain structures cover most of 
the possibilities for the integration of RM, E-business in the supply chain Yes No 
F- Other possible ways 
Q 22 Any ftirther issues that concerns you, considering RM from a manufacturing & distribution 
perspective: --- 
Thank you for your time & effort in completing this questionnaire 
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Questionnaire thwuments 
Note: for people with RM / Rapid Prototyping background the above given Ql 5 is replaced with the below 
shown question and the questionnaire is forwarded. 
Q 15 Compare the relative preference with respect to Build volume and slide the ruler appropriately on 
the scale 
Hub based mig 
Mobile mig system 
RM in service industry 
Mob i le mfg sysUm 
RM In service industy 
Hub based mfg 
* "Build svolmw Cubic 
size III C111 ol, a 
Inallul"'Ictured ploduct 
RM as a retailer RM in home based mfg 
Any comments you wish to add: 
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Appendix BI : 
Breakdown of participants involved in the questionnaire and case study. 
This information is extracted from a self-reported questionnaire completed by participants aiid 
categonsed according to the type of industry / sector. 'I'lus information is limited to kev 
characteristics in order to protect confidentiality, in addition interviewcc codes are not included to 
protect the origins of comments reported in chapters 5,6 and 7. 
Employment category Employees Interviewee 
Position 
R1 Management Consultant > 30,000 Engagement 
Manager 
R2 Management Consultant > 45,000 Consultant 
R3 Management Consultant > 15,000 Senior Consultant 
R4 Management Consultant > 1,50,000 Associate Consultant 
R5 Management Consultant > 30,000 Consultant 
R6 Management Consultant > 30,000 Consultant 
R7 Management Consultant > 1,20,000 Business Analyst 
Questionnaire R8 Supply Chain Professional > 5,000 Operations Manager 
Respondents 
R9 Supply Chain Professional > 5,000 Manager Strategic 
Planning 
R10 Supply Chain Professional > 12,000 Sales and Marketing 
R11 Supply Chain Professional > 18,000 Logistics Manager 
R12 Supply Chain Professional > 2,000 Planning & 
Development 
R13 Supply Chain Professional > 500 Operations Manager 
R14 Supply Chain Professional > 7,500 Manager 
R15 Academician > 400 Professor 
R16 Academician > 250 Assistant Professor 
R17 Academician > 100 Professor 
R18 Researcher > 50 Research Associate 
R19 Researcher > 50 Research Associate 
R20 RM Professional > 12,000 Production Manager 
R21 RM Professional > 18,000 Manager R&D 
R22 RM Professional > 200 Consortium Manager 
R23 RM Professional > 1,200 Manager R&D 
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Code / Name I lCode/Name 
Amputee 
Hugs Barb / Al Steve Osborne / Prosthetics 
Ml Manufacturer 
Mandy / A2 
Les Spark / A3 Edmund / M2 Prosthetics 
Manufacturer 
Paul / A4 
Paul / A5 
Paul / A6 Manufacturer 
Dana Bowman 
A7 
Emberley and NHS - 
Graham / M3 Purchase and 
Supply Chain 
Agency 
A8 
Ag 
A10 
All 
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Appendix C: 
Figure A. 1 Potential low inventory 
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Figure A. 2 Lead time reduction 
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Figure A. 3 Nearly all equal values 
Rmtpmvsiwormss to cuatomm mdw 
Se'vice CPAM 
System ccist 
Stffuctmal ýký= 
EnvUonrqiI ae, lo$* 
Scalabililty lids" M. In , 
Figure A-4 Product customisation 
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Figure A. 5 System cost 
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Figure A. 6 Hierarchy view for product based selection 
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Figure A. 7 Dynamic analysis for product-based selection 
Figure A. 8 Hierarchy view for criterion-based selection 
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